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I

1. INTRODUCTION

This report describes work performed during Phase II of the stator/housing
program for a 5-Mw permanent magnet generator currently being built under the
Advanced High Power Generator Program, Contract F33-15-80-C-2075, sponsored by
the Powers System Branch, Aerospace Power Division, of the Aeropropulsion
Laboratory at Wright-Patterson Air Force Base.

At Wright Patterson, the program is under the technical direction of Paul
R. Bertheaud, and Capt. Rex Schlicher. At AiResearch, Fred B. McCarty is
principal investigator, Frank E. Echolds is project engineer, and Andrew R. 7
Druzsba is program manager.

As specified in Air Force CDRL 4, the report contains results oi the
critical component tests, a review of the design leading to a fabrication
plan and long lead hardware definition, a no load test plan and a load test
plan. All items presented require Air Force approval except the load test
plan which was approved during a previous submittal.
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2. CRITICAL COMPONENT TESTS

Critical component tests of the stator housing include the following:

Bore seal

Adhesives

Hairpin winding fabrication

Conductor impregnation and leach-out test

Conductor terminal fabrication

Conductor flow tests

2.1 VITON RUBBER BORE SEAL

A Viton rubber bore seal is used to exclude stator cooling fluid from the
rotor cavity. it was estimated during the early part of the rotor program
(F33615-76-C-2168) that a conventional type seal made of aluminum oxide would
be 2 to 3 times as thick as the 0.020 thick Viton rubber bore seal that has
been designed for use on the 5 MW alternator. A thin bore seal is highly
desireble because it allows the air gap between rotor and stator to be as
small as possible, thereby improving machine performance.

The Viton rubber bore seal is fabricated by repeatedly dipping a cylin-
drical tool into a container of liquid Viton. The result of this process is
shown in Figure 2-1. After the Viton has air dryed, air pressure is applied
to the inside of the tool, forcing the cured Viton away from the tool surface
as shown in Figure 2-2. The bore seal is then ready to be coated with adhesive
and installed in the stator bore. Air pressure is applied to force the seal
against the stator bore until the adhesive dries.

The fabrication details of the full size bore seal are shown on Drawing
500421. Final installation of the seal into the stator housing is described
in Drawing 500400.

This concept is consid.ýred to be developed well enough to be included in
the final design without further component testing beyond what was done in
the rotor program critical component phase and described in technical report
AFWAL-TR-80-2130.

2.2 ADHESIVES

A number of different adhesives are used in the stator/housing that come
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TABLE 2-1

ADHESIVE COMPATIBILITY TEST RESULTS

Bonded Materials Adhesive Application

1. Nomex - Nomex PLV 2000 Matrix conductor insulator

2. Silicon steel- Cycleweld Stator stack
silicon steel

3. Viton rubber - PLV 2000 Bore seal end support
GlO epo^y glass

Test Exposures Bonded Materials

1 2 3

Methylene chloride Disolved No No
4 hrs, rm. temp. bond effect effect

Air (baseline) No No No
96 hrs, 350OF effect effect effect

Coolanol 25 No No No
96 hrs, 350OF effect effect effect

DC 200 No No No
96 hrs, 350OF effect effect effect

PLV 2000 is a Viton rubber based adhesive

Cycleweld is a nitrile phenolic adhesive

into contact with potentially reactive fluids. Sample testing was done during
Phase II to determine what reaction, if any, takes place between the important
adhesives used in the stator and three different fluids. The results of this
testing are shown in Table 2-1. All of the bonded materials retained their
strength after being exposed to the various fluids at temperature with the
exception of the Nomex-Nomex bonded with PLV2000. This bond was completely
degraded when exposed to the methylene chloride at room temperature for 4
hours. The Nomex to Nomex bond is formed in the process of fabricating the
matrix conductor insulating jacket. Three sides of the jacket are formed in
the winding fixture, the wire strands are layed in place, and the jacket is
closed by folding over opposite sides of the Nomex and bonding with PLV2000.
This bond is only required to hold until the conductors are inserted in the
stator stack, after which they are held closed by the tightness of fit in the
slot. M4ethylene chloride is flushed through the conductor to leech out the
winding impregnant after this fit iS accomplished.
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2.3 HAIRPIN WINDING FABRICATION

The stator of the 5 MW gener~tor incorporates hair pin windings, each
terminating in specially designe.. terminals. The windinigs are formed from a
multi strand conductor comprisi..,g 36 strands of #26 A.W.G. magnet wire bonded
together with an Adhesive and jacketed with Nomex insulation. After the
hair pin is formed and the conductor is installed in the stator or the test
fixture, the adhesive is leache~d out with methylene chloride.

Fabrication of the hair pin winding was a major portion of the Phase II
development and testing effort. The winding was fabricated in the fixture
shown in Drawing 500434. The fixture has the dimensions and special features
to fabricate windings that will fit the final stator and the test fixture.

Before use of the final hairpin winding fixture, tests (experimental
fabrication) were conducted on a prototype fixture to develop fabrication
methods. Views of the conductor feeder used and the prototype winding fixture
are shown in Figures 2-3 and 2-4. The prototype was used to fabricate the
first hair pin conductors. In the fabrication, the 36-strand conductor was
wrapped four-in-hand using adjustable tension blocks to assure equal tension
in each strand, and a swivel guide was used to assure the proper sequencing
and guiding of each strand. After measurement to verify proper dimensions the
assembled conductor was sprayed and wiped to apply the adhesive (wiping pro-
duced the best results, and schemes to mechanilze the procedure are being
investigated).

The final hairpin winding fixtu~re is shown in Figures 2-5 and 2-6.
Figure 2-5 shows the winding fixture with the side plates attached, capturing
a fully-bonded, 36-strand conductor impregnated with the stiffening cohesive
agent VPE-5571, and Figure 2-6 shows the hairpin or knuckle end of the winding
as wound and inpregnated in the winding fixture.

Using the completed fixture, conductors were fabricated for the ensuing
tests. Figures 2-7, 2-8, 2-9, 2-10 and 2-11 show the completed conductor.
Figure 2-7 is an overall view of the hairpin.. Figure 2-8 shows the coolant
hole in the Namex insulation jacket. Figure 2-9 depicts the lead extensions
for terminating the conductors. *Figure 2-10 shows the hairpin winding knuckle
and Figure 2-11 shows the cross section of a conductor. Figures 2-12 and 2-13
are views of the hairpin winding showing the terminals attached for test.

The bending qualities which make for a useable conductor were demonstrated
during specific bending and forming experimentatiton and by use of the conductors
in flow and other test-setups. Work to improve conductor fabrication technique
is continuing. These include precut, preformed insulators to achieve a more
accurate conductor matrix and facilitate conductor manufacture. For example
a special punch was designed to form cooling holes In the conductor insulation.
Figure 2-14 shows the tool designed to punch holes in the cooling jacket, and
Figure 2-15 shows the punched conductor as installed in the coolant test fixture.
Face dimensions of the punch are 0.060 by 0.100 inch.
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2.4 CONDUCTOR MATRIX IMPREGNATION AND LEACH-OUT TEST

To develop techniques for leaching out the conductors, two sample conductors
16-in, long were fabricated. They simulated the actual stator configuration
with top and bottom coil sides, and proper oil passages in the insulation
jackets were used. The bonding impregnant was successfully leached out of the
conductors, AiResearch Memo 19318-45609-019 detailing the technique is included
as Exhibit A.

2.5 CONDUCTOR TERMINAL FABRICATION

Conductor terminals were fabricated for use in the flow test and the final
stator. The assembly is designed to hold pressure, provide dielectric capabil-
ity, and accormodate thermal expansion. The design utilizes double 3-rings,
Nema grade C11 insulator (machined from spiral wrapped stock for coolant seepage
protection) and a high-conductivity, zirconium and copper terminal element.
These components are shown in Figure 2-16.

2.6 FLOW TESTING

Flow testing was conducted in the test rig shown in Drawings 94-38-0434
and LSK 17367. Figures 2-17, 2-18 and 2-19 show the test fixture unassembled,
a closeup of the coolant relief at the conductor inlet, and t~e assembled
components. Figures 2-20, 2-21 and 2-Z2 are various views of the flow test
setup. An important part of setting upifor the flow test was insertion of the
hairpin into the test fixture, a function verification of the hairpin winding
dimensional and bending characteristics. Figure 2-23 shows the conductor in
the test setup. Figure 2-24 shows the crimped ends of the conductor In the
test setup. Prior to Installation, theýends of the conductor strands were
dipped in MeCl solvent to remove the forming adhesive and the Insulating enamel
was stripped from the strands. End-lacing of the Nomex Insulation jackets was
provided so that coolant oil would e,,ter the conductor matrix at the end of
the insulation jacket (see Figure 2-25). The figure also shows the thermo-
couple installation for the tests.

For the tests flow meters were installed to measure the flow in each sec-
tion of the conductor and the differential pressure across each inlet-to-outlet
was measured. Oil viscosity me-surements were made at various temperatures.

Temperature OF Viscosity, CV

70 2.18

100 1.73

130 1.45

150 1.25

Resistances of the conductor- and the insulation were measured. At 200C
conductor reactance was 0.00732Q (within 1 percent of the calculated value).
Insulation resistance measured at ambient temperature and 500 vdc was 150 x
109l without cooling oil and 3 x 1012s with cooling oil.
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Initial flow testing yielded extremely low pressures and high flows as
co-pirea to those measured auring previous conductor segment tests.*

Delta Pressure
Across Section,

Section No. Flow, gpm psid

1-2 0.02ZO 10.89

2-3 0.0220 C.50

3-4 0.0220 11.60

4-5 0.0220 14.79

Coolant flow was then adjusted to occur in all sections simultaneously
as in the final stator configuration. The following results were obtained.

Delta Pressure
Across Section,

Section No. Flow, gpm esid

1-2 0.0227 10.65

2-3 | 0.0432 10.29~Connon inlet

3-4 10.60

4-5 0.0226 15.90

Section 4-5 required a greater pressure than other sections; subsequent
hack flushing and retesting revealed improper leach-out of the conductor.
The conductor was replaced and a more extensive leach-out is being performed
at the time of this writing. Uniform coolant flow through each stator section
and each conductor must be maintained in order to prevent the formation of
local hot spots and possible conductor burn out. This prelimenary testing
illustrates the effect of incomplete leach out on coolant flow. Once a
completely leached out conductor is fabricated, as evidenced by equal section
flows, testing at current density will begin.

*See AFWAL-TR-80-2130 for details.
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Fi gure 2-1. Bore Seal Tool Coated With Viton
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Figure 2-22. Flow Test Setup
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Figure 2-23. Conductor Installed in Flow Test Fixture
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EXHIBIT 2A

AIRESEARCH MEMO 19318-45609-019

2-31



Al RESEARCH MAANUFACTURtING COMPANY Of CAUFORNIA iW ev "si.mts To-

OFFICE MEMO 19318-45609-019

10, A. Druzsba mm. 93-8 DATi Oct. 15, 1981
FIROMS C. Gibson DEPT. 93-18 EXT. 3505 COPIES TO$ P. Fizer

F. McCarty

JUECTI Assembly of the Advanced 5MW Permanent Magnet K. Ramezani
Generator Conductors into Insulating Jackets.

Introduction

The materials used to bond the conductors together for assembly were the
following:

Material Source
Vitel VPE-5571 Goodyear Tire and Rubber Co..

Chemical Division
Methylene Chloride Commercial
Trichloroethane Conmercial
Perchloroethylene Commercial

Typical Adhesive Formulation
Vital VPE-5571 450 grams
Methyltne Chloride 3.00 liters
Trichloroethane .75 liters
Perchioroethylene .25 !iters

Total 4.00 liters

Vital VPE-5571 is a polyester resin that exhibits high specific adhesiont

to various substrates, the most important being polyethylene terephthalate film

(e.g. Mylar). Its excellent chemical and thermal stability, flexibility, and
cohesive strength make it a good candidate for bonding polyester films to copper
foils and wires for the electronics industry. In addition, it has high solubili-
ty In chlorinated organic solvents and will also melt flow at temperatures below
450* F. For these reasons, it was chosen as the bonding agent for assembling the
conductors into the Nomex paper Insulating Jackets.

Procedure (See Figur6 1)

Assembly (performed by P. Fizer and K. Ramezani).

The conductors were aligned, coated with the Vitel-5571 bonding solution
and allowed to air dry at room temperature for approximately 10 to 20 minutes
in band widths of four strands each. The banded conductors were then placed
nine layers high Into an insulator Jacket that was coated with the Vital ad-
hesive on Its internal walls. A grooved metal fixture was used to assist in
the holding of the insulator jacket during the stacking of the conductor bands.
This procedure was repeated to produce two Nomex paper jacketed, I4 x 9 conduc-
tors each 16 inches long.

Vital VPE-5571 Removal

The conductor samples each had a small (approx 0.1 inch in diameter) oil
flow passage -ut through the insulating jacket at their mid sections. They
ware then placed Into the grooved metal fixture in a slot sample configuration
(as defined by P. Fizer) with both ends open.

roim iam t.M
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Figure 1. Fixture Components for Conductor Assembly
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Ref: 19318-45609-09

October 15, 1981

The metal fixture was then fitted with a rubber gasketed lid that sealed
the open groove to form an enclosed channel around the conductors. A pressur-
Ized nitrogen line was fitted at a threaded opening In the lid over the con-
ductors' oil passages. This assembly was then heated to 450 F In an air cir-
culating oven and a low flow of nitrogen was passed through the conductors.

After the dripping of the Vitel adhesive frao the open ends appeared to
stop, the assembly was removed from the oven and prepared for solvent extrac-
tiom. A 250 ml, metal lecture bottle reservoir was fitted to the assembly in
place of the nitrogen line. Approximately I liter of fresh methylene chloride
was passed through the assembly by gravity addition. This was followad by an
approximately I liter methylene chloride power flush by applying a low nitro-
gen pressure to the top of the lecture bottle. The cleaned conductors ware
then dried by allowing a low flow of nitrogen to pass through the system at
room temperature for 10 minutes.

The conductors were then removed from the assembly, sectioned, and vi-
sually Inspected at 30 x for cleanliness. No adhesive was noted.

Conclusions

The procedure used In this first, cursory study was the best that could
be conceived without extensive testing. Additional study Is needed to mini-
mise pressure, temperatures and solvent volumes before the development unit
is assembled. 6V I

Chris Gibson

Materials Engineering

Approved_____________
D. W. McGrath
Materials Engineering

om
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3. DETAIL DESIGN REVIEW

During Phase II the final detail designs were completed. These designs
are fully compatible with the rotor scheduled for delivery early in 1982.
These designs were incorporated into the fabrication drawings which form the
basis for the rotor fabrication plan.

3.1 FABRICATION PLAN

AiResearch manufacturing engineering participated in the detail design
process; each detail was reviewed for producibility and was approved by the
cognizant manufacturing engineer before it was released to production. In
preparation of the fabrication plan, the manufacturing operations were deter-
mined by the manufacturing engineer. These operations are presented in
Figure 3-1. This figure shows the sequence of operations; the time span
required is reflected in Paragraph 3.2, Long Lead Item Descriptions.

The figure is presented in three parts; parts 2 and 3 are keyed to the
assembly sequence by the letters A and B as indicated below:

500402 MACHINED STATOR MOUSING -r50003 MOUSING AND STACK 5001400 OUSING AND 500 *1.5-1 GENERATOR ASSEMBLY
20"960-1 MACHINED STACK ASSEMBLY Y SUASSEMLY STACK ASSEMBLY
2046960-2 MACHINED STACK ASSEMBLY-"
CONDUCTOR
HOUSING AND STACK ASSEMBLY COMPONENTS
(FrOm PAGE 3-5/36)

GENERATOR COMPONENTS
(Raom PACE 341338)

in Drawings used in determining the manufacturing operations are included

in numerical order at the end of this section.

3.2 LONG LEAD ITEM DESCRIPTIONS

Long lead is readily determined from the fabrication schedule presented
in Figure 3-2. As shown in the figure, overall fabrication and assembly of
the complete generator is 13 months.

3-1/3-2



"GOWN SOFT al LAAA .*UI S 0(5 AAA

0.,.

wAAP

buus I AL L LT N-10 m40(OW

DIA. 16 To 13 opt ~ mPRES Sou- "~? A l ON RS

3OUV" SSlk REAL0

RASSGA H615m , VMS

SOA 15 
1 0 

0' 
0

sm l 6L AT SORT tIoC *161* ft00(1 sTA~ AdDCT £10 STORES ~ d

551001 "R 5PLTE 00"l m0

too." . 500T Emil I¶340

PLAT AL RA lf IL DSRE opa sot LT



F'17~V1T r * ASPO.6c

R. 71

s-C 11-t I I 1 TW

U-0

C1* OWPCT 'fa

3-1. Stator/Hlousing
Fabrication Plan
(Part 1)

3-3/3-4



S~~~'V ~ ~ ~ OL *P)lGAS l G lATSE SITSýt

"a"lCl I "m W"AOAOCOIT MOLD

itS'n.AtO ( ~Tlt GLASSPES

tS~tE SM.CGL ff DIAML ASEC tS~tT OC ST

wulASS -n ~ fk PS

tOWs OW

OrASSW 11,0 " t EC

SClo

WE:1t3 iJ ) tA
DEAILS I OS ASt~C? S~i

100"I sflt
02 EWSA,*Ss



/

,/

AI Ar -UP

Figure 3-1- Stator/Housing tabrlcation Plan(Part 2 Inserts at A of Part 1)

3-5/3-6

'" ' - - _ • , • • " - ' ' - . . . . .. . . . . .



sow , 7 7 ,0 0__ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ __ _ _ _ __ _ _
'0 ?,"7 Sf074

G.7'077 (05

U0fA ,:0oo 70 175 ~007 00,7 A.0,.# %,#

G-5 -c0I

ýI I*A*.T -A KIFILI, we...1R7f

70,0. 0001

434 SOUL

ILA M), 'A I 000 007 S0 S *00I 507 007

A'S' A, LL 10710 1070. 00' -10 6.00 0G-00 OSOICI A700 SOS c
VIfLC( HoAG sotS

MOCE * "5 lo*7077 o -`,C -077 DI.. SR It101

7,00,RýA 1-F1,1 k01oo 0(00 7.

GRIND

PUT74*5.

-TU70ARBOR

N /36 1 t LSI"
F. ~ 0"C~



/

13 I~e - Stetor/i.&usina Fabrication Plan
(Part 3 Inserts at B of Part 1)

3-7/3-8



0 0

-z 0

a. a

I -

o~~ 0 -

z 04

0 ~~ U JI~J J 0e
z =-n

x L c

LjL

x U-

z0

zii

3-t



INDEX OF DRAWINGS

500400 Stator and IKousing Assy
500401 Bearing Retainer
500402 Machined Stator Housing
500403 Housing and Stack Assy
500409 Annulus Subassy
500410 Housing Support Subassy
500411 Plate Flange Subassy
500420 End Bell Assy (Lead End)
500421 Bore Seal Fabrication
500422 Bore Seal Assy
500425 Annulus Details
500426 Terminal Insulator
500427 Electrical Terminal
500428 Flanged Terminal Plate
500429 Housing Support
500430 Fabricated Stator Housing
500431 Housing Tube
500432 End Bell Assembly
500433 Bore Seal Support
500434 Winding Assy Form
500435 Bearing Support Assembly
500436 Ball Bearing (Purchased part--not included)
500437 Roller Bearing (Purchased part--not !ncluded)
500438 Neutral Ring Insulator
500439 Neutral Ring
518402 Generator System, IOMW
2046855 Balance Weight
2046874 Spacer
2046875 Lamination
2046960 Stator Stack Assy
2047040 Bore Seal Tool End Cap
2047043 Spacer
2047176 Bc-i Seal Tool Body
2047324 Resilient Bearing Mount
2047325 Spacer
2047328 Shim Washer
2047329 Warning Label
94-38-0434 Stator Cooling Test
LSK 17367 Stator Cooling Test Rig

3-10

_____



4fVt (eri FET4/ E e Wrf PUNCN FN(4 GRADE (Oil) AIA1ImAI

$c4Lg0 A5/ (SEA Wool

- 049 scv(20)
__*NULT3 soE

3w/ r A -D, -5,-4 0 ('~ec

1-e56-0511-90 360 rt5

II

415~~r1 2 0 3- i

a 1

I~ ~ ~~1 6_________________________



i -:, .- ... - - i

'ii

5 F1G D ,30-t,, C

I Ir

4 3

3-13/3-14

F = 7,'7777 7......777-.. . . . ,-

• Z ++ .... ..... . .. + ,,, + ++ ,•. . .. ........ .. . ....... .. . .. ... ,; .. .. .... +... ......... . ..... .... ++++ ++ + + +•+.+•. ... N. .



500403 -1 AW (55r#Ce 4ASYw

sJ'055fIq-40,& ovi IN us, G~D 5'A /lP fI
TYP 5 PzACf..

of OIL

our IN

N83248/i-6

t~~r2 /AV0o) 511

35Y- 107WSW8 .

.-5004 .,i2 7I7R/

---- -$~9-20 i Mvo7ar im*!A-400Ap
-w~cwr (43 q4'O

(43cý -*ao) Or kV~w/3!d4 0jho
i~~Y51 3533 '/0 J,3~

ADDo Omf ,523C PER SIN'90



-INA__ !II .1 jN'3.1om

, W 16411 Hi u rrems
tyP 5 PLAaes

S( VAm-A SWT~r/-*w 7,

A 90~~.5F'D Ttlmrsirrvi,.'a)1>wy

c o r I r o r 0 A .' 0 5 A SA W -1m m9. .~ . E 7 2 O 5 Oo4 V OUN.V4"A -lq - fýq - q;00,lfj3r

COL 3-11/3-12



DI3A

4.;54rZ~c LOA 43

403

.2'72 
4

.
33 

& -

-ZG44.30D .03 4

00

3 PL ON 65kgR pAWING- S.34-

A06, 5m

7.14R 6.503Z.

52 .. ,si

.44

.. 30

FVLL F~
Z PL

A 8675 r;IZC

Sr 7V 55 AQ?5aM/1 I t-n 1 f I O a$~ w



~ 4Z
403DAIk MTM MO8

253- *M:

41 v 13)

Lis

DIIll

0 1

103-5/-1



'74 15.715

154.47

.4.47

II'-

J,/_

__ -- - J03
94944 ~ 47 'o

PImE

A Avz /y .l _____hrwp&c . u

-__rI - r4- __5 --'c1 t11d#~OCDVSVrlFR~Q%



-44

-t -- _ _ _ _ ----------- 
-2 9

47 'S!kr

5-40 1~

wOA ~ocAromw Hor1 oomr raw awefN ArtaL w SLOTS

OID'~t rfR &W'I A MVI rTAf ofCI?

FV~W fror~1 VD in5 a faii &a~oiw.l M 1 70210 '50043

~ 3-17/3-18



-. 11 vlrw M - M

S. - - ~.5 17 - 51Z .,4 71~ Q

-~ A047 96 5e V(£0.$P4CH
-- ,F:X4 :-Y, VS- .Z _____69

j .~~~ . -~ t A;r;4:-CsF5..4.fG A

T/
7<>~~ 40 2b.S.s -C

4.

LVL
Jt -j

-3 Tr

a Jcr-v*.
4 OArrý RlzMN

I~~~~~ RA AS SHOWN.4'A/S353

(Z_ P4CS No ma N- K



i~zz~ II -F53 -eAI 7I 5rvr
4

T

-,4j ",3rkr 05 eZ09f#ZO

ZU 4

H H4&4(

SC4I.C 2/ 1rj 5Zsi

I/ Ae_ ,:.4ca. 'A/-4Q-~ 4W VS j?53r7

1030

,N~rAit PC~ A# 3)573 "RiwefrANG

4 PIAC(S A3 Y(2 PIAW T T
MOi d 7I s w o o R E D ziar s t 0 2 1 0 1 5 0 0 4 c '2

4 3 2

4-3-19/3-20



500402-1 0- 46360-Z
k-fOU3IA(C STACK

-.000 2046960.1\
s.-.0 zO \ SACK

'sV s

+t

of rHI5 SIDE -

15922 ___________

2047043 -I (RiFF) AIf ALL 4 5TACK:5 ARE INSTAlLED AT nYE rIA
5PA CfR THIS DIAJEAISIOAI muST 81E LISED.

If ONE STACK AT A TIME IS INSTAL LEO T
LOCAIN6 DIMEN5ION MUST BE USED

5 A BLANKer mAY BE USED TO COVER9 THE
HEATERS TO RETAN THE HF47.

4 srAropSiou u5r PLTEIINie, rIpu4au 4
Z -ASTACKS. A DRILL ROD OR CENTrFA'IM oVbAOUN

AV ~~CANBOfUSED MR 91ICINIAI6, TOQL, A MINi
OF 3 RODS .MUr. BE USED

A3 H'ArIAIVG THE THE HOU3IAKi (PIN 5, X)qO?
15, 9 ?(REO3709F2Ofi BYUSIN&j STRIPWHAUTP,' CCr

TMOILING, THE TEAl" WITH A 77HEPMO5TAI C

eFR IM ISUAL INSPECTON Of STACK' I-IIIM.4
IN/ RESPrEC i) DIE OIL SLOTS INI THIT HS~a

U'SCAN &E -SEEN THRU THF PORTS5.
3CA 1 5/iI PArTS MUaST BE SEr UP ANID PPFALIrAITO It

FlXruRE PRIOR ro A55Y.
NOTES UNLESS OTEWISE 5PECIFIED



D

Z04704 3-I SPACER (3Irqoc)
REWYVE Af TERAS5 Y COOLS

Z046 9602
.5rAC1(

Z.- Z046960-0
STACK(

"A

STRip HEAERps (EREG)
REMWrA*frFM(RA iL 4 5TAC&KS
ARCf I#V.5rAU f AAV ME1 .4SS V

FSTAlLEO AT OWy Time HAI' BEEN COOLED M 200' MINL
r or Limit
if IS INSTALLE TMIS

TME HEAr
--- INLI/hVTHRIJU Al4

ýcENtERiE 5.5 AI RrjVOD PMuin500- _____

V M6 TOLA MIN.1
USED.

*,I M6 JO4 & 00 -1) TO
STrWP HIAM Rm~fl
H1A M%'RMdOSAtO 0* viw.

Or STACKr mIIGN.y(Nr
5LOTS INF TE HVUSI/VG

AOD PRfAt 16NFO IN A50 40r NEXTAUY 17021
'EC/~fif 0 APPLICTO =ALI ___________

7f ~42
3-21/3-22

_____--IOM,- - - - - -



.8.we Urn 0.PM I af THE GARRETT CORO0ATA

ff0 be~ "~fG~ .0". f . d..... w

Mud kv onwk of the w. 4-.Io.d 0.
.&.Ato Us. mtt 0160. os0 fso THE GARRI

PJP T PER A453 336 4

205 PORT5

PAR NO5000425-
wI~m~fqwfA AlCIL1IIUS

PART No 5049-

~~~~~~0 LXAT(AtN 8PIN ONFAPM /O NMTN

A PARro Wfiw AS SHOWNI.of.
WELD PER AIRESCARCH 5PEC W8518 -

AT(:UNL1SS5 OTHERWISE SPECIFIED APPIXAIO



-Ch# & t POflY Of~l 'HET GAARErTT CtoIPORATION.

E..wQ fo' .am~ gr~' .nt by w'trat t- ZONE LTR DESCRIPTION QUE ~ (

wt8 y o .yI0 be " a 8,0`01 . we1

.t,,,A hI We _H" ,-aý *1 THE GARRETT
CoPpo#ASoh

P PER A4533649-24

\-500425-2

1 ~500425 -I10
A AIAIIJLU 5.9

FULLVIE A~p -A4

PART NO.500409I _ ______

UNdLESS OTHERKWISE SPECIFIED: 000 0ausm umeaumeawu
Sun" CONTROL, PER SCIS3 Ci ommo of,~U UP e VHS 0*0 ? S.A?'0l

101 NTIFICATION MARKING PIN .

A NNULJLUS.

MIR-"5115. A5S5Y
- -owi r, -CMMEN NommiN

T C 70210 50[0
N - SET/ O

rSCALE I/? IHE /

~; 3-23/3-24



0 4 wdI" d.$e' and OtWoftf-4

*mc "b~ tr ppsewI, .1 THE GARRETT CORPORATION.
ExNst IS, no4S mpmoy p..RIW by W1'St to
gag Uwaa Sage GownR*K us.. drm Map, in.

-"in aft w n, bB &uro pa, d~soni..W.

a~tp 'tIS. aa..U al THE GMARRETT

.8 70 -. 898B 0/A THRLJ
PORT PER M533649-16

P®,'@) .O MIA

209-5O00425-3 '2.03 Bo5sS, popr/1L

500409 -1
SUPPOP1, HOU5,

PART N.500410 -1

A~~~rESUNES tJNL1ES5f OTHERGO WIE5EIFE ,D ETA

____________________________________________ 1.49_



5UPPORREVISIONS

W*W e l iOT e .0S THIFEC Gj*n3rt MANUMPOrnWAMOPAN
S EflNMWTV otftIS CSBW IVdSUVI WO~,~ OP~ t.E ZOW LR ES(?li CAT~.VE n PR

um sb .-wg0 ''~,OPNt CUP*,

0IWT~pCATso wAm P bm ______________________

500425-3A504/
-0.3 '~IIs~C F

B03-35/3-26

5-,OR Housmo -. ~ --.--- -



-1- 3a.gaat, -Srn .. d othe -.f0-
U*d .H p.'vty of THE GARRETT CORPORA

E- t. ,V- %pat Vy W-Itd Y t&
Lkwed SW eS Hanmm ptm dscrg Mf

-Iw the p- 'fl. w.a of THE GAF
CORPOPATIO#4

.870 - 888 DIA r- THi
POpr PER M5 33649-16

9 .02 ýDIA

0.66

B

PART NO. 5-004I-

LOCAT$T BOSSTAMO ONM PMA PRVIE O AT

PARrIofwIL.05 SHOWN.-TO -- 0 .A WELD PER AIRE51EARCH 5PEC W85l1I -
NOTTSRE UNLETAS (SED OTEWSNSIPE

IorS jLr5oNp1FSF-1FE PLCTO



t.0 .m MM V , ,5004ZK I

.6 CAT 10WN,

3266-2



S I ~ ~7 54

6

Zr*4 Owky1m

.33

A

3 P L 
<

IN,5

10'03 S/74"5
(30~

23 6

CC
rv t .. ~~o zo-eis xTY .jrm

rPC;F 2r.oM~-9L~~~ ___ IU& I ~l~I~ 533
c ~TV PEW M5HO ~ l5I51NJ. 4 _S11ý~t1~~~.

rNSAE Pt.?S Mi?8UAW 1 n.. cau .U ,'~is)fi

WIIA IiI JrPMA53337NXk OLIMqrP~tMSSW.4

715W r, 2 #Jo~eiPMIL PE fZ57 WAV r



.1.0

V0 2473

A6

.133

.4.47

I g .,4 5 -a s

.do.

I M~d-to -so ~ -w " i u o x r w A (

4t kf"%S _M; ___I____IU ___ S__(P _

250500. 20-

EN BE I,, .75)

A-? 2 O (E AD E NO) A.5

".0 m 
1 70210F 50420

S 
2 3-29/3-30

F 
-



2000

MMIN

0(c 1 MI iTNTWCKE

.0i5.OZ. IýIC(KOS

:77

FABPICATION P510 I
sTep 1. SS("BLE F MACHIAII-D PARr3, FINDAD ,2,6,7,9 (r 0

(O5MIT CLAMPS) AS SHOWN. 1.86 0
5rFPz. 5PR'AY (Air/Pp' A55Y wrNI FIND AIVO 1/, If T DRY e CLFF 4.1 .760

STCP 3. DIP AS 5 M81 Y IN FIND A10. 10 70 OPTAIN BUIL D -UPA 5 SHOWN. 6.80 .10
37PP4. 41R DRY FOR 48kHP 7Tm[/v STEP CURE 5rA)r/tv& A47 1500F Z.7 .10

'0IIN INCREA4FAr.5 OF 50Fr PER' MR. 70' 300-F. ______

TTLCUQIIVC 7/bAt 4 HR. (PROOM
STEP 5. ASSFMBL C CLAMP F/NO A/0.S AS SHOWN. PRESS)
sTE'P 6. REMOVE FINDb NO. 9.

5TFP 7. PRE55URIRZE INTERIOR TO rao P51 rV S1PAPArl-T BORf SEAL
At BO0NV £ /Al. (Siff OEFL (CT/V A PPES SURE SCHEDULE)

A sTEP 8. REMfOVE PRESSURE.

NOTES: UNLESS OTHER W15f SPECFIED

AN 6 .5



D

1.76i
4.41 .05

SEEuR 'B~kAEPRSLS

oposlro popso eJ
.85m gm0

1.76 0
g.o .10

2.7IAY0 OF10

p~a~ ~. ~EESEPA3-31/3-3iIS

-7A



87ýI 6IF

STEP~~~~~~~~~~ I-APYPA. O -H~VF m;OM-

MI 1ENGTH -' LNkEP0 0

5TE4-Rmov P (sTUEP ,

5TOPE REMOV B(NPL4TED TOOL.

STEP ( .- 4PPL'' MA FOI'\J I UO. I KOI ~ C) IRMLY Xfl

S*TEP 7- IKJFLTIP BO5E AS YAPYr'G~~3



PAR NO. SE -EIR67 PAI1 US
-49"1w lm- a -
sua CO MElt

o- nw.5 *P

BORE ISuAE

WfXTSSYILimpm 10 042

43



S..03

.'P 4cP I

1.00 .50

40.7 4 0

.48 2 PL

..44

.Or P (Ty p)

S10.010 Z4 E-Y- . .

AN,4NULU5 -I
SCALE, I /

SAAL ALY 6061-To PLATE
ao-•,-aso/tI CODO TGSI OR
AL AJLY GO I - T BAR.
GO-A-a-Z5/5 COWOD T651

KIOTES: ULE55 OTHERWISE SP-CIMIED

8 7 6 5 4



I . ~ ~ ct I I I
I I, ~ - -~ - -REVISIONS
~. -. ~ w-w -- YEDESCEFYGEk OMl -L mv

I - - . = - - ID

- ad 0-an

.1-7 x 48 t4

A)A

1.48

B~OSS, PORT, - 3

-T N~oYuu AOU?5 , A -

_______DETAJL5, ANK1ULUS

LlIlED D 70210 0 04Z 5E
--F4 T 32 3-35/3-36 1



S+ IGoWG 5004
This drawing contains designs, and other information which are the property of THE GARRETT CORPORATION. icxept fo rights expressly •rnted by contracts to tite United States

this drawming oy not, in whole or in part, be duplicated or disclosed or used for manufactur, of the part diziond heroin, withou the prior writtn peminsion of THE GARRETT CO0

.697 .. z

.50 %LEEVE ..- , 1A

D-.8I$HE -

Z.90.

PARTNO5004.Z 6 1-.
UNLESS OTHERWISE SPECIFIED: MATERIAL CONTR

BURR CONTROL PER SC,63 Ce NJ-1 RA E
STO INTERPRETATIONS PER PIB5 G
IDENTIFICATION MARKING PER GI PREPA
MC16 G 1_CHK_

- II__I 1.00 DI/A BAR VALUE•-"

MATL

4Z 45- 1515404- EAT TREATMENT STRES

4?(-150030- 1840 -1 ESIGN

REQO NEXT ASSY USED ON FINIsH POC'sEs OJEC

APPLICATION GOVER

P01M 1111 o) _________________
S.. . ... . ••'•: .. ... . • : " '"-:'• "• .. . .-



DWG NO 5 04 ZG Is:,]
its expressly granted by contracts to the United States Government, REVISIONS
I tte prior written permission of THE GARRETT CORPORATION. REV DESCRIPTION DATE APPROVED I

A 5EE 50 t2o,,7 *.C

II

.90
- A NOtE5

Ai SEALI/IG CC.r PER P5/3 AL OVER
APPLY 117-011-9001 U-SING 117-016-9001,
ADD ONE DROP OF 3_M FC 430 WETTING
AGENT TO EACH /00 GRAMS.
A Ft-R D/PP/A1 -00/ MAX 13,I12D liP, IF TOO
MUCH /• LD UP CON0A/LT ENGI NEERIA/G.

MATE R AL CONTR NO

AIRESEARCH MANUFACTURING COMPANY OF CALIFORNIA__REPAREDE A DIVISION OF TH1 GARRETT CORPORATION"PREPARED S•4U, V, T O• 807 TORRANCE. CALIFORNIA

.00 D/A BAR VALUE ENGR
-1HA _RAMN A . . w I/I INSULATORTERMINAL
-"E A? I"RC ATMET I r STRESS SPRIO -

-IOESIGN SUPERVsok-'ý CODE IETN MN
_________________ IVOSIONN

7iNiSH PROCESS PH~JC ENIN EE R[________APV SCALE~ SHEE I O 1
3-37/3-38

S.--,-.-..--



DWG NO
This draWaq contains designs. and other information which wa ,he property of THE GARRETT CORPORATION. Except for rights e-puady granted by cotracts to the United States Goo
this dre•" my not, in whole or in pant, be duplicated or disclosed or used for manufacture of the put disclosed hbein, Without the prier sittmn permion of THE GARRETT CORPOF

1.75
• 1.47

A-.04 MAX __
.375 ,

1O-.24UNC -. % .3 70D1 .12 h'X3

TYP
S. 3-7 5-16~uNC - /- ?--- 7z

Z_ PL 2

00 N07CHA'7 7
I::) NOT.73

.895

PART N0500427--- I7-1
UNLESS OTHERWISE SPECIFIED: MA•ER.AL CONTR NO

L~ I NCOMPLUrD THl.R.A D UURR CONTROL PER SC653 CX5
STO INTERPRETATIONS PER PI9, A

IDENYIFICATION MARKING PER PREPAREO 1'

ZIRCONIUM COPPER ;VALUE,-VoU

CD .- s (HARD) -EAt TTRATMIE NT STRESS

NOTE.:UJLE55 o - ISE. 4(-04 16047-t._____ °__
REQo NEXT A usP ON ., / _ .,,Ec-T EN.

5MCIPM0OVERNMEr4
_ APPLICATION

.. ] ll



+ IOWG NO S04 - HAI

capt for riohts expras~y Wanted by contracts to the United States Govarnmant, REVISIONS
rein, without the prior witten permission of THEF GAARRETT CORPORATIONd. REVI DESCRIPTION DATE IAPPROVED

A 5fFr E.O kaio9

-5 KAX/ýý,

-.02R MAY, k)~
TYP

1-7

OCIFIE3 MAEIA ONRN AIIESKEARCH NANUFACTIONINU compANy or cAuroOINIA
SPER P185 ondam A DIVISION OP THI GARROTT CORPIORATION1

(ING PER PREARE $j4;g~= g TORPANCE. CALIFORNIA

- HEAr TREATMENT STSTE.RMIMNAL) LE
ES.ON S;UP RVIl a aiu a Cy4L "l7n

I I



3.00

1 'G 0 0 OA 1 ~~DIA 550

9.86 1 D

L. Z4

AL-ALY (6O(I -Tro PLAkTE.
C.Q-A-?-50/DI CONDT6oSI OR
AL-ALY ýDý 0IT(o E5&R
QCA-A-?.e-5/8 COW.D TGSI

N~CTE5: WLN.F-5 0THERWVI!-: 13PECIP-IED



A I-F *IAI IAIC.ROR aa

5_ .04-

5.0

7.835

/ Iý

PART 1.0 500428-1 _ _ _ _

L.ttso?.qfelu &Met~Or- N~&cTMh .. ~lv moommyaN

cflr .cao -"We PIN

- __A __ PLATE, PLANGED,

4 2 34/4

3-41/3-4



,13 P MAX
TYP

FL"T

.24

.1c) x 2. 10 2

2.10

/\AL-ALY (cO~I-T(c PLATE
00-A-250/11 COND T(051 ORt
A--ALY GO(ol-T~o BAR
00-A-ZZS/a COND T~o5l

NOTES: UNLE55 OTHEFZW15E. 5PECIPIED

S I 7 6-.4



=10", |1 1

D

Sc

--"I 
C

/ 11.77

DIA

"- tO~:.(64 I

_0 B

:27

.. ,...2

3.20

-3.IG

P,, NO 500429- 1

SerMgWNTATFM Mla PMI

"WS•fn-gpgf..... . fgp.. mww * oo** - G -flh 7Ofm A IA

.51 SUPPORT, HOU51 NG

SE PECgIPED DAXIý C01 AOT10ft 
t O

3-43/3-44

/m



-550040/ -

-N 76ON114

o7 M.. - io i r
A Pic, i, offs u~wSIANARV603

rLi0il.ow P2wrAWISey r
'Ar0O

.A F1- \19 A- i FI "Afi~AVW 01



CiAMPIAO SURPCfS

W3P .499I .1

/~d
(1 Rf9.77

50040 __

3RF- /

/fO

A DIAZ~ 41r, 30; _lV orb mf o= io .
01.f4 0i tr 72O
m____t_ -.r ClIW _______

4 A O ImAfA lf N O Pu/c. WI

serrL~ Pf-fArISP~ ftA - -6-0 -yr1

53X45/3-4



C). Z-7 0 o.50.•50

F 40

0 0

F-.. V.2 " 2

9. e-7 5

/ I /- _ _.,

10 PL

7o

q./ -7s -- - -

5E..CTION A" 2, PL I,,

V t 32 .4-4

/
Z =ULL I:A•D

i•O PL

A

"" -- " -

Wt~rt-. tt..... a~W.. .1JA J - -



I 1. - '- - - ftVISIMfS

ElW &MPI PIE an

I IM

D

505WCT5,35PL .24 A 4 0 -~A

U U.

u 0

A _

?ý2 . H44 __ 
__U____

FULL RAD

IS PLo PSIU

Wto A
1.OMOOAQ..75 WALL_____ TUBE, HOL35ING

ftQIIXTAS I i I ofr

APPLICAlI9O- R

4 2 3-47/3-48 12..

I.- '.

."A



X I 01A IaMM MA Do 4frM

;NST^AS.1 PIER 0A56S - FU Th5& .Z4

Ar ""A SPLACE de.EU0 Z

C~a~~.S byJ

'rmo rft. r~ - I .imr-z

503~

Dis

O-I EE
A.0

.00

.08 L Or

3P

2 7 5 4I ~ F __________________

-' -- -- 6.



aAZ . ...... =

'3,
ois

9.990

8.14 Sri

.O.lt

1.013

N O3 r _, I 3.P-U T71 F - 0 4W.55

wq~s3-49/3250

4ý 4.2



3ZV

54

0.A.

.54

B..740 8.O

8 -7 _ _ 3-7~. -ro se

/ rEArT A1 0GA5 PL .00 RCKMX
IFB uHem pckurE6NFI6

.oOE5 UNF5 rrW1C0 rCFF

~X 4 ~CNA.4



TC - dr- R .".. EVI SIO N C

C~ *I
4  

I~.5CSS.~IS ZONSE LTR C C ONCATIE pi l

D

B

_---.Oro R MAX

'TO ANEPTTEN f

NEPO) GRAZE GI SUPPOP.T, BORE SEAL
LCArt-D,APPlY 117-011- 1200f AM~4~

Ot! 3M iC4 30 WETTINCI OR4.~ -- 1TWOf~PC

201 Tb#CK MAX NEXTASSY UED 0CI0SSI4 D-70210----4
APPLICATION - -_SCALE ClJIL ISSEET I OF I

4 3 21

3-5 1/3-52

R -.

...........





- - - - - -

12. OZ Wo

(3)- 7-0 HOLES

9 ea p AT 5.0eI tT

___________ 7 13 _ _ _ _ _ _ ~1

(-4)

__aL .15Z 2.lR
5 HOLES

Z PL .O4

*18'a4

.4 K-1.01

PART NO. SEE M4TtCRAL LIST

________WINDING A-55Y

APLCYO C'A.E FULL Ia~ 4O

3-53/3-54



A~.465 MIN TH4D DEFY.

8-S .43 W'L65 ~

2-7 20G5

TYP i .
0 4

11

ry

0.0

1642 .0jE 0
3 5

01
3P~ 66235 430-T 11

.4z ZS

I- CI & . 40R.

MAX .6s

DEEPP

842

tZ4EA 4 I

572.52E OET0J -~.,G 5eAJIIIIt M;2

A5 Af 3s/i 353' 7TISSIrT~V

MSAD4 AI*CO/Z SFRl-WNOF AUSL re65 14=0 1

I 5-- - - I. - - - - -- ~ - . -



0',,

-3-- 0

43 4) ~ . -

1o WL D -7:~3

tt

L ~ 0

I-S., jV 40

'-.r- WAA.L

A *DEEP 7-P

SE 24,Tý LIS

t--S A' f"i~fP V/II A5MA?15 ,y!' m I .- A

5 xm 3 q2

3-55/3-56



- ~ ~ ~ ~ T' - 1- "1t ~ r.- ~ dir . ~ '-

_____________ NO - K. -. IM U 1-1I VýA

1.10 DL '.29 DE

.94e

.49 .2I 0 -.03 F MAX

'0R-ý 251~ -

1.0/ - .69
.93 .67

.20-

PART NO.sl-E. T7A3ULA-Ti'

LI(SI OTHMNIS1 SWICFIEO
MR" CONTROL PER SCGI) Czo

ST@tOITIR 111TI 8~ PIN~ss
*ftPCTIORMIANKw PtG aI

MCI$ ________

- EP0)YN GLWAý
____LAtAINXTED .

REOO NEXT ASSY Snt

______________________________________________ A'rL ICAT ION



TN. 0...v -o~t- d.,' -d * *' REVISIONS
tit.Vt 1. v, w... IT ,.~Id It, -1-,t ILZE TAR DE[SCRIPTIONtf~E APOE ~

* ~ ~ ~ ~ I W"t ,it it ii . by .tp . k,"

W fi ..It. y P i ttv P.-". 'I di. it..d TI,~

.4eS

--. 03,9 
MAX

- 4t

.09 S 00

RESEARCH
REDUCED SIZE

PART No. SEE. T43U LAiciiON
W4LESSOTHERWISS SPECIFIED C- c AI.AS0AUAC1UH OPN
sumRt CONTROL Psi SC653 czt WT*mgV 105AROiiiiiavM .1AUArCAS IN COMiP~iANY~
ITO INTERPRETATIONSPER PIN BS : . 1COC C..i.... tii.
IDENTIFICATION I-APIKINO PIN __________________________________________

MCI& _ _ _ . . Vfft

NEWA GPDE GIn I ~ - N5UL4.TOR.
EFO)'Y GLA3' _________

LAMINA1W .*. N4EUTRA.L RING

E, t -fH*A 
I I BitSSY ~ED N - 45:3

CATION A;____________ ISIEET I OF

3-57/3-58



.0-5 MA~X DEPTH
1?' I.175 CIA, _ _ _ _

/ 13 PL EACH GP.OUP

// GROUP I

300 /170c 3PL.

GGROUP3

THo Fo~ .iqQ-a-4UWc-3-:

HE-UCAL COIL. IN5EzrT PER MV5153;
INSTA.LL PER MZB~157 M-EOV
55 PL

MSZ129-CI-15 IN5ERT SCR. TWO 55

1B.75 0OaD .X l 1.31D.0
5004B9 - I AL-AI.Y PLATE 0(cOIa-7c I 1.

QQ-A-?-50/I I CONDT4651 _ _ _

PART NO MA.TERIA.L/ DE5C.RIPTIO N ITEM NIO Cry



4 31 '704-- lIS9

13 PL. EACH GPOJP

,70

5S 3PL

- 24UKY- B __

q5EZT' PER MZ-6-5,7S7
M,3s%7- ;:--MoVE TAING

PART No. 500 439-____

mmwn"non,.n m".04i Pon

SttASuLATIN RING, NEUTRINL

~ D70210io*5 OO439
AFCACLIE K -. E? OF

4 3 2

L 3-59/3-60



A1 21

Cha t A I .. g 0 W K im A 4 A A.A I

IN '

*X0

V/ O.a

_ _ 12



131

Vv 
*4. - -

!, K*

f so 9



£W~ -go* --. a- h

C.., A

ffe., -- 4&

4 . -. . -. r0a.0-0 a~r ~~

. rw-*- * Arus gt f,4400 A~

*.~i B ; .AI. l--* d

v -x,,# op4d

fta...oa. fsc* * '

- A r OD. . ~ EAC~.~reugwcut

.i-r~g w .. ,.E ge



3r3 . _ ____ ___

PIFV. A. zo
0 -v- : 0

to\
000 Ar 4c 4a= A.

Wvwe

V to. 0A
0l \ ,"o

v r, f9

v ^f~v

.0.40 A4,PrM~ A32fWA~I~fVWC4

SM-Il-

1 P4

* ~ ~ ~ ~ ~ o aJ*-0 ~ l-v

s ~ eok.e O a

* r~ -0.~* aFE0.

ob ofto W.g* J 70.1

* ~,.. - 3-61/3-62



"This dnwmng contains desqans. and otter information which are the property of THE GARRETT CORPOR ATION. Except for rights expreosy granted by contrscts to the United State

tls dnir ing may not. in whole or in part, be duplicated or disclond or used for manufacture of the pert dsiclond herein, without the pr- written permiuion of THE rARRETT CC

.4-70

"PART NO 'a'6 '9 5 - /

UNLESS OTWERWISE SPECIFIEO: MAT5P.'AL (ONTR
BURR CONTROL PER SC653 CI-A
STO INTERPRETATIONS PER P185
IOENTIFICATION MARKING PER

MCIS __ TIA'T6VMALL"

IMATL.

-LM AT L .50 DA BA k 1'__ET TREATMENT S•TnE:

ASTa4A A 8Ba TYPE 303 -/ ET so N ""
AZ M A 8 T P ý 5 RlEQO NEXT AsSY USED ON FiNISH PROESSJ.ý.jzI

_ _ _-_ _ _ __-_ _APPLICATION 1j&

POWM lift 1It.?)

/
----. - -- ------ ,imm----.-- .- .-- .---.-. .-. ,.- -..---------..



+W N~1~~

ExclPt for rights Ompressiy granted by contracts to the Utited States Government, REVISIONS
herein, wlthtiut the prior witten perrmsson of THE GARRETT CORPORATION. REVI DESCRIPTION DATE APPROVED

ECIFIn MATERIAL COjNTR NO
X53 AIREBEA11CH NANUFACTUEING COMPANY OF CALIFORNIA

PEP iss &SOMOVI A DIVISION OP THE GARRETT CORPORATION

114G PER *TORRANCE, CALIFORNIA

HEAT TREATMENT STRESS ~4 z'~ A-41e~
DESIGN_______ SUPERVISO% IE OE 014TN 00N

ISD~ FINISH PROCESS QC.T.ElINfEE

3-63/3-64
................................... *,



a I 7 I 5

D

C

/ , �

/ -a.. �

1'
A

B

A

A '�,- �'�' -

___________________________________________________________________a 7 6 I 5

- - -- �-,



er* -aamm wSw W "Lam-

F-w

5 " 44 3~o 2

PMTMO t3-65/3-66.



SYA/714. WON___. __ _Pot

~~~~~40 TYAAC/ ICz rm' rv~~ w-c,#,-

/0

.40~8
.4e6

.012
0 0 7 R

8.06A

.034 I

.032 .02/

0CM14/L. 13 /0oX

AwM NO ~c~-
-A 

-O=Mý ww

CRr 645 OIVL Y, mo "49C -w W IPATMS inAini MR

IL SC AT SOo



T)E~R E I SM IT O IIr,

E-0 INs ~ -of N~. -db -od i.IT
V -o ft6 Ops% . Uis d, - wb~ -L

loft. ,w% he dwcw . TN( w .A

-8 .0 8 8 8 D/A 56/

iART NO

r~~~~fw ~of pan m aucmma~~pr~~

C 1702210 204687 5
APPLICATI1ON Aý ___________ 77s7c

3-67/3-68



A-A- 8.. U. S..'

PTA.Ifte -0 pma f ft W-.m

REMVE FRM0,I5 Zr5B-OECRA6

4. FOR SLOr ALIGNMtNT A MINMF 3 DRILL R005 OR
CEAJTERLE55 GPOUAIVD RODS' MUST BE USED. ,W A 1.0051
APPROX. /20'APARr
PROCESS PER FP13AC38 EXCEPT COLD BRUSH

"05PHOSHAE ONLY PER FPP/5 FOR APPLICATION PART NO. SEE SEP
OF DR /ILM LUBE ro ID.
F7ND A/0 Se6 TO HA VE 24,.00 LB\ OF ACTrUAL STEELJA OTO PN$13C,
iW~7GHT 70 IN.5LRE 3LIJFFICIENP., I 1v CoNi TENT airr-cer(1el %4v. alT/AAIN 4N i

M*APLY W45ULAnrUG COATr or 1ND aes.
.0003-4M005 'THICK 70FND I, 'THROUGM4Ly _

CUMS. AAPPLY EK)jDNkG CArOF PINE) a __

10 FWND I f WTACK FINO 46 wrr L-
ALIGNE WMTHIN .001. PER' R5 Z5A

I ~ T~:UNE55 'fl-E~w;~ ~APPLICATION



w.'h .w Ve of IN(I GAP" I t ~orPVAhIQ 'ONELT DESCRIPTION AWOTK A(11
E.00. I.. W.mn .Wn, V

8
.. by tgflto ZN T

Im5 U.wg Sa*, cA'noWm' 1h... w-" W .

.oWd ffV .1 the pwfI AKd.W*~Of R & l.cV ,tWd #-.
.t 5 MW w pf,.-,Nf .0 THE GARP~rR

5 4 PEQ

BONID INj PLACE

* / Li51NG W*AP -12

(--5) ONJLY~

LolA 1.007178 '00f

PART NO. SEE 5EPA;RATE PART5 L15T
UNLfIS OrP110WISE SwICIItE0: ..... HUUEAUNg N~AawM*uwa..
sUpNa CONTROL PIfN scI3 ce(4 A ,§0 5fU o~ r T"It U5ser 5550?f 5W13

£10 INTIMPfiSTATIONS PI'l PIN SIN~ t UB5 9 ~ ~ ?WSC.CLR5*
11/A /AV. WEfNT ICAI~AON MARKING PIR WTI r~#/

- - 215all STATORA51

~ 3-69/3-70



mid Mi WMi .1ut THE GAARET CC

V.O t -aig p-wwv V.*db
00 u $to, G.-A ""W

I."Ai Uw '. M. be &*bee"d
kMw fo Ow %osr m'o answ dLI
WWPAA Do "- p.Wo

DIAI

Jwcz

- *~-. r '* ~PART NO. ~-
WPILES OTHIAWSE1I3fEO
inUR ONT OL ER SCISI CC
$TO INURFPRSYATION8 PER Pin
gag NTIICATcION MARKING PIN
MCI# ..

qeDNEXTASSYj tSEDON .'

________________________________________________ APPLICAT ION



TINS wm- d.C. -0 W 4 ,wtý REVISIONS
Wk we b' .~yo IN( WOE"1 CPR"ATOI

I 9. ,,i ,d,"J ," b, -~t.d I ZONE LTA DiESCRIPTOPE O411 mpPRO
Urn We 8ftw, Go-1-M INS* *..,q MOY -

__ I. w to tI pw due.Od ,e

"..t. P., pm t p.m" TH( "NmRT

- / -.KN4

-W

PART NO. -

UNLESS ~ ~ COAC OTEeS SSIIO:L0K AINISCAUCM MANUFACTUIaIIN COMPANY Of 9"1104014

$TO INTIIPASTATIONS PIER MIS G o...s A409OAT

904MViFICATION WAKSING PINt

1, /- 00 741.ma

mu1 coaq ICO? we me a*e

- - - EC 702101
0 Al__________ SALEorA1 I SI4UT -OF.

3-71/3-72.



PUi~~Stim. G,.WWP. IN. 0

.. th0A The p". - 11110 pao.a.
CORPORATION

.07-

PART NO. 204'7043-1

§URN COMTMOI.PIN9C& SChSIc
STO IPITEPIPMETTlOF PER Fin
IDENTIFICATIONE 04APKING PEN

At AlY 6061-Tr6 0

2 rHI5 PAqR WILL E RrA~l0VfD ArFT NEXTA55 ___

1. INISH liE!/ jclkLA. C4v-R ______42 -0'
A 001EO NEXT ASSY I 'IDO~~1WSAF LJ.S I APLCAT ION



EA~t w e r o w. V 1-Wt~d by W~ tj ZONE LIN DESCRIPTONDAE PROD

9 50
9. 30 DIA

(14 GAG(,)

200

245

PART NO. 204*70:5-1
"RWNI OVIERICI IC!IIO3 C4Cl92A*CM A MUAIE N HUUPAMRINI COMPANY IN' SUUOOIM
SOINTIMPAITATtM At N il _ o...c ei#o

*IENTWFICATWN MARKING PINm mmsr

AL Atv 6061- r6 v~u GWA PACER
aoQ-A - 50/// COND r6

7 NEXT AS5f. winnNIB. I

A P PL IC ATIO N ý SCALE: %/ SHEET I OF I

37313. 74



PAR~T NO MIcf ý h ý3 H GARR(rT 00

adth. U.I cto ý tt. pt dob

~O17Z40. DO 41 00 0OPOATrN.

-<46

------ A -

r0-1

PAR NO.___ 0-4;0. 7%

UNES OTERIS VCWII
-UI CONTROL Ft /MC

/T NE ' TTOSPRPg

RIOO NEXTPRETSI, USED ONin

A.t~a POS AT1



ThM* d, a6.'.gm.Iin &Wp ad.1-Inf6.ormtk REVISIONS
mf No p soio THE GARRETT C6ORqOATICN.
toe rf' 'WO.paw,* vw*d by oewt .to ZsONE LTR C(SCRIPTOM NE o~orn I.%3W $s. thi HIt "~ r6H.

In aftaf a Is P " dk &s4AcWdi *KMW. i
WW AW.~.dbM . Me 3W 6?s ihsi bmin.

Hh. "av wWO s.vp- of T)41 GURRE
CGRPMATMW4

.4ý

-47

PART NO. ~'"7~ /_________

WILIEU OT14IRWISE 8"CIFIEO.

ITO INTIMPNITATIC I A@Ol"3 U 04630??CSPUA0

01*100IATI BUPRAVOOA. 01jf~ s

k 3-1 5/3-1 6



S .37 I 6 I

/2 P AC5 EQ 5C60

PYPO

./6.

~.50&'0/

0004 A-/AX 4fC/6A'T W/T/'. 06 A40X SUPAC1E~r- 0/4

CAPVýEI P PqZ755/L N. TAE CPAE

7 GL 45,5 0P5:5I ALL. OVZP PP CVV/ 256,
/1VE'VTC5/Y 7N/2.

6 pumAcur a4- 0.0. no -A4- /a1 VEco Ivor eL-
CA4!5C-&C*-EL W/-11/C ,Q4Ar 1'5/ QV,~dZ 574rTE

4. 1W.461VET/C P4QT/CLEx /NA<ECrRo "//- A-1/-666d

A~ CWL C411-4TEDC ATE rC 264,55OL4//MV
C4'CA -f/ICWLY /-Ic rc/-q C, 1c MAC/NE ? P 0 EA 40VA
, 005 -. 00 7A .5Q UR.A,-CC.
'&/ ALL.5JP"xCEs "av

NvOrP6s.*C/L~E.1S orm1Cpw/$EsPE/P



4 _3 _ 1-f2
________- REVISION$

P.W -
bm I* mb

D

£TCA'/ING. eomr'l .51DE5

"-P 6 Ay/,4C~l c

r/AS,7Z 5UQP4WCZC MA4Y &C

cm-coo r Yp it45A•lv5 c 44 4V
16OVEPLP N AL -(r'P

?Por'5/0M5v- or
5AIQA' SUAPP/qCA 0/Al
CA(CD CUARCCA75

"1016 lel5 265,

MV6rEo NorT 46 Pwr"20473'24-I
//V ~ ~ ~ ~ ~ U UoW;,SWE ~Gnfrom P" Ca

LrCr AcA', "/1- -1-8668 -, r A
4,550 L8//AI 0___. MW/WAV//EI

'D 702101 2O47924-

4 3
- -3-77/3--8



Nhwd arv tO pee"oy.t f THE GARRETT OExceot for rlht, wpý* granlted bY"ar' UOtad Ttole Gýwy. . J- -

tr ,n.~c wor tette Pete , or.Cr

COPORAltON,

,55o

IMC_

REGO NEXTPR ATION PER PI

APENIATIO CAL NMRIGP



APIF tT * Cs i'd 1' REVISIONS

F. ,,'.~s s g,..std, h,~ -1-1. to OE T DESCRIPTON DATE APPRMD

iwO . 01p'cated N cie~l i k N

.5100.5.5.00 TFOI GARRETT

.7>- I H W PCFIf

00~ -1"q1-4q

AT PN~TtEAFN PtF IC61 1(,.4 SCL V1 SMEET/OOF/

F'MNTFFCTOd ARKN'iP0 _______________________________3-79/3 _____80 _



L -gt -' ,.i s.KWd r, -
P.Uft. Sew. Q.9,99.. me. *U-4 -

W" ah - PIK. k pAut .I. O.
kim a WASC0S" t. -v ba

COOKWAT10k.

5.1

PART NO. 2047-7~21'&

Wills CONETROL FIN SCM13 C~ff
SU INTINPPPRIATIOUS FIK PMt
IDENTIFICATION MARKING PIN

(A/ol.e `020)

I M~~EOD NEXT ASSYl V SED ON CLe

_______________________________________________ APPLIC ATI ON

7 - -.7 -



ThI dw, wt.' D14$ ~o( REVISIONS
00t vOw wl of THE GAPR~rf WIO"ATIO

t-e .vro a~u* rwufd by o..,taooI. ZONE LTRI DESCRIPTON DATE APPRMOVO
v#W W** 1M. G..OW. No WOqm v %t.

woo ow w~mtu 'I theI pw d.WMowd w
-ft trav-v -l" el - ~ i.UNmW

6.50,0/
6.47

PART N~O.20 7 ~ /_ _ _ _ _ _ _ _ _

UNiLISOTNIERWIS4 IWf O~?0 7':;
BURN CwONTO PIN scas Cf.,& AIRIEEIRCAH MANUFACTURINQ C00MPAWY Or CAUfOINIA
IITO WINRPRIFTA flONS PER PI .... oriR Tm 0*VImfON Cf VvfO urmmt

WINTIICATION MARKING PER I OSc(.CLtPoa".A

MCI$e (?-7

... INI co" offno a" #

2 mu -15; 7gw ma mama

:0 NEXT AY ED ~ yA~" ON C 1702101 204 7d26
A P PL I CATIO ___________ SCALE/ / SHET / OF,

~2~- 3-81/3-82



S|This &- C.M•I• 4e,lel w

-. CI " no oH ,w" f THE QM

h kw. .W S 0 @ s. N dw-m
wlud Ips, lilcu .ft td r no IN

S.w wo - so.P-o

4.6
4.5

WARNING.
-DO NOT OPERATE L.36

2.9 CONTINUOUSLY
7. BETWEEN

Typ 9000 -13000 RPM

"" (-I )

'WARNING
/.8 .36 HIGHLY____

.34 MAGNETIC

3.3
3. 2

(-2) PART NO.204 732 ,

,NP COAETROLVIRm. PNSGcI C.:':
ITO INTAPPRITATIONS PFE PIE
IDENTIFICATIOW MARKING PER

SMATErIAL ADHESIVE BACKED MErAL FoLI
PERq Ems .lzg TypE=1-A

FIAIISH .DAMA LETTERs 5o Tor REDIZ ItSPSO0ANODIZE OA/ AIATLJL COLOR - S/ 6405 1l 184ov-I
BA•K GROUlND. '-/ 1/I405-115/8404-1

WEET UNLE55 OTHERWI55E SPECIFIED. 1460 NEXT ASSY I DON
A APPIsLI ICATIO

-- /

\ • \ '



i/I NM t nr - EIIN

Gt~ Npw fTEGPETCROAIN

to owAmN"V K- o-

W~f -%It2ý4 HI ~*T
-~ ART~4O 20 Z5 9-/___ __TM_

kTEOW~WEWcIf- ~ @_

LOY .34 E ~ ~ U Q NMSUAVI WAM IU f6

.27.

PAR NO.a

1, -00 or TO 8"9 oo".O



CONTROL AReA rsrARr

PRESS4-[

£XCM

PFZSSUP HEAT

PRES FOW'CLRPRESS*~

MTAL MCWI7, tYr.

A.0
F/R -CLOW



4 ~I I I I f~ i
M* rv Aea RE

j a q f f ________________________________________________

TEST ASE DMCUU /0 RS

rcwp *-I PRESS 4-- 5sý

TMOP F-- LOW L TMAP -

NEAT

EXCH

_______ PTLOW C2XO/G ES

1702 -3-03

________1094



I Cis 13 6 1 5

L Q.' L '*JJ ALv,,, i .

S ~ ~ ~ ~ C C,_ A~.1IMO(I

________ 3 . ~I3 _~..~ Ab

~ I ______________COX_

__ _ _ _ _ _ IX3 "'A ~ ~~Le
______&U Ta Ec __.L ar; LS. " -4LL~~i

U. ___ Lsqr- &rS . 1  II.6*A "SAy .uj 1
__________ ~ v watcfRi :j-~ _ 0 d '~L_

CýAe.r



4 I 3 _l

000

00 C

IIJkTLUUFU L*&.s TTt coý

A

c~l 3-87/3-88



4. NO LOAD TEST PLAN

The no load test plan for the 5 MW generator (AiResarch Reoort 80-18822)
is presented as Exhibit 4A. This report is submitted for approval.
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1. INTRODUCTION

1.1 SCOPE

No-load testing of the 5-Mw permanent magnet generator as described in this
report will be an intermediate step in the development of an advanced nonsuper-
conducting synchronous generator for airborne applications. The rotor and
stator/housing are presently being developed under two separate rontracts with
the Air Force Aeronautical Systems Division, Wright Patterson AFB, Ohio, for
delivery in early 1982 and mid-1983, respectively.

This test plan is being prepared well in advance of hardware availability
in order to effectively schedule the fabrication of special test equipment and
to ensure ready utilization of the test facility.

A cutaway drawing of the generator to be tested Is shown in Figure 1-1.

1.2 TEST FACILITY

The generator will undergo its no-load checkout at the AiResearch Torrance
facility, Building gA, Test Cell 31. After setup, approximately one week of
testing will be required to perform the tests outlined in this plan.
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2. GENERAL REQUIREMENTS

2.1 TEST SETUP

AiResearch Dwg. SK74954 details the 5-Mw generator as it will be conficired
for testing.

The overall test setup schematic is shown in AiResearch Dwg. S4-3B-0532.

Major design parameters for the generator are listed in Table 2-1.

TABLE 2-1

5-MW GENERATOR DESIGN PARAMETERS

/Parameter Value

Rating into 3-phase, full- 1,046 vdc, 4,780 adc @ 18,000 rpm
wave bridge 648.3 v/phase (air gap), 3638 amp/phase

Current density, amp/in. 2  36,270

Stator temperature, OF 450

Rotor temperature, OF 200

Overall length, in. 43

Overall diameter, in. 16.25

Total weight, lb 500

4-9

4$ , - -



2.2 COOLING REQUIREMENTS

2.2.1 Rotor

The permanent magnet rotor will be cooled by forced air generated by a
test cell centrifical blower and measured with an orifice or venturi section.
Cooling air will be discharged into the test cell (see Figure 2-1).

Operating parameters are the following:

Parameter Requirement

Airflow 100 to 300 cfm

Air pressure

Inlet Ambient plus 0.5 psig

Outlet Ambient

Air temperature

Inlet Ambient

Outlet To 210'F

2.2.1.1 Blower Power Requirements

Power requirements for the blower are 230-460 vac, 3-phase, 60 Hz, 2 hp.

2.2.1.2 Instrumentation j

Instrumentation requirements are as follows:

Parameter Requirement

Flow Measuring section inlet static pressure
gage (1) and delta pressure
gage (1)

Pressure Unit inlet pressure transducer (1)

Temperature

Inlet Thermocouples (2)

Outlet Thermocouples (2)

4-10
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GENERATOR

, _ _ _ _ _ _ _A-15304 -A

Figure 2-1. Rotor Cooling System

2.2.2 Stator

Stator conductors will be cooled by oil pumped through passages around
the conductors. The cooling system (see Figure 2-2) will utilize a two-pump
approach because of the requirement for a subatmospheric discharge pressure
(7 psia) and a vented sump.

Operating parameters are shown in Table 2-2.

4
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Figure 2-2. Stator Cooling System

2.2.2.1 Pump Power Requirements:

Power requirements for the pumps are as follows:

Parameter Requirement

Supply 230 to 460 vac, 3-phase, 60 Hz, 1 hp

Scavenge 230 to 460 vac, 3-phase, 60 Hz, 3 hp

4-12
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TABLE 2-2

STATOR OPERATING PARAMETERS

Parameter Requirement

Oil Dow Corning 200

"Oil Flow

Inlet No. 1, gpm 6.25

Inlet No. 3, gpm 12.5

Inlet No. 5, gpm 6.25

Total, gpm 25.0

Outlet No. 2, gpm 12.5

Outlet No. 4, gpm 12.5

Pressure

Inlet, psia 19

"Outlet, psia 7

Temperature

Inlet, OF 120

Outlet, OF To 250

/ Filtration,Vi 25

Sump capacity, gal 50

Ultimate heat sink Cooling tower water
at TBD Btu/hr rate

4
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2.2.2.2 Accessories

One.level sight gage and five mechanical pressure gages are required.

2.2.2.3 Instrumentation

Instrumentation is required as follows:

Parameter Requirement

"Flow Inlet transducers
0 to 6.25 gpm (2)

0 to 12.5 gpm (1)

Pressure Inlet gages
(psia) (3)

Outlet gages
(psia) (2)

Temperature Inlet thermocouple (1)

Outlet thermocouples (2)

2.2.3 Bearings

The rotor bearings will be cooled and lubricated by a system providing
air-oil mist under pressure (see Figure 2-3). )

Operating parameters are shown in Table 2-3.

2.2.3.1 Instrumentation

Instrumentation requirements are the following:

Parameter Requirement

Pressure Inlet gage (psia) (1)-

Temperature Inlet thermocouple (1)

Outlet thermocouples (2)

4-14
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Figure 2-3. Bearing Cooling and Lubrication System
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TABLE 2-3

BEARING OPERATING PARAMETERS

Parameter Requirement

Oil Mobile Jet II
(MIL-L-23699)

Flow

Air, lb/min 0.045

Oil TBD

Pressure

Inlet, psia 15.3

Outlet Ambient

Temperature

Inlet Ambient

Outlet TBD

Filtration , 10

Sump capacity, oz 10

2.3 MECHANICAL DRIVE SYSTEM REQUIREMENTS

The 5-mw advanced high-power generator will be supported by a heavy weld-
ment stand. The stand in turn will be bolted to thE test cell floor bed plate.
In addition, the drive motor and gear box will also be bolted to the bed plate
(see Figure 2-4).

The generator will be driven by an AiResearch manufdctured standard light
rail vehicle traction motor through a Vistar 7.7 to 1 step up gear box.

Drive system torque will be measured by a Lebow rotary transformer torque
sensor with a maximum rating of 500 inch-pounds. The final drive system will
consist of a specific pillow block assembly and flexibox two element disk/
diaphragm coupling adapted to the generator shaft (see Figure 2-5).

4-16 4
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Figure 2-4. Generator Mounting
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2.3.1 Power Requirements

Drive horsepower and torque requirements are based on a no-load loss
estimate of 71.2 kw at 18,000 rpm.

Generator input horsepower

7.12 x 104 w

746 w/hp = 95.4 hp

Generator input torque

95.4 hp x 33,000 lb-ft/min./hp
2 x 18,000 rpm = 27.8 ft-lb

2.3.2 Drive System Components Required for Testing

Item No. from
Figure 2-5 Requirement

1 Phase delay rectifier, supplies power and control for
drive motor. Standard laboratory equipment

2 Drive motor, SLRV traction motor, 450 hp, 4500 rpm.
Standard laboratory equipment.

3 Drive shaft assembly, floating shaft with two single
flex gear couplings (Zurn). Standard laboratory
equipment.

4 Lube system, gear box, MIL 23699 oil, 35 psig.
Standard laboratory equipment.

5 Gear box, Vistar 7.75 to 1 step-up, 150 hp, Model
6513-3, S/N 664-16. Standard laboratory equipment.

6 Torque sensor, Lebow Model 1615K-500, 500 Inch-pounds,
20,000 rpm, rotary transformer type, air/oil mist
lubricated. Standard laboratory equipment.

7 Drive coupling assembly, dual angular contact bearings,
air/oil mist lubricated. Provides speed signal and
shear section protection, set point 900 in-lb. Special
test equipment.

8 Transmission assembly, diaphragm. Manufacturer
Flexibex, type Metastream, Model 3.5 T, spacer 5 inch.
Rating 3.5 hp/lO0 rpm, maximum speed 25,500 rpm.
Provides connection from drive coupling to generator
and necessary flexibility to cope with residual
misalignment.

4-19/4-20
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3. TEST INSTRUMENTATION

The instrumentation to be •'-ed for generator testing is listed in
Table 3-1.

TABLE 3-1

TEST INSTRUMENTATION

System Measurement Sensor Type Quantity

Drive Motor Temperature, field Thermocouple 1

Voltage, arm. Meter 1
field Meter I

Current, arm. Meter' 1
field Meter 1

Drive coupling Speed Monr'pole 1

Temp. bearings The-mocouple 2

Oil mist pressure Gage (psi) 1

Vibration Accelerometer 1

Gearbox Temp. high speed
shaft bearings Thermocouple 2

Oil pressurp Gage (psi) I

Vibration Accelerometer 1

Torque Sensor Torque, Inch-lb. AiResearch special
test equipment,
optical phase
shift type, or
Lebow 1615K-500. I

Temp, bearings Thermocouple 2

Oil mist pressure Gage (psi) I

Purge pressure Gage (psi) I

Rotor Vibration, vertical Accelerometer 2
horizontal Accelerometer 2

Temperature Temperature
sensitive paint
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Rotor Cooling Temp., air inlet Thermocouple 1

air outlet Thermocouple 1

Pressure, air inlet Gage 1

Air Flow, lb/min. Orifice 1

Stator Conductor Temp. Thermocouple 44

Stator Cooling Temp., oil inlet Thermocouple 1
oil outlet Thermocouple 2

Pressures:
oil inlet 0-25 psia Gage 3
oil outlet 0-25 psia Gage 2

Oil flow 0-15 gpm Turbine 3

Bearings, Temperature:
Generator oil mist inlet Thermocouple 1

oil mirt outlet Thermocouple 2

Press., oil mist
inlet Gage 1

Electrical Voltage Digital voltmeter 1

Wave form Oscilloscope 1

4-24
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4. NO LOAD TEST PROCEDURE

The following must be verified before testing begins:

SLRV drive motor cooling air on
Gearbox oil system on, 30-35 psig
Torque sensor purge on, 3 psig
Torque sensor bearing mist on, 10 psig
Drive coupling bearing mist on, 10 psig
Unit rotor air flow on, 250 scfm
Unit rotor bearing mist on, 10 psig
Cooling water on
Stator scavenge pump on
Stator supply pump on, set required flows in 3 circuits

After all the lubrication and cooling systems have been thoroughly
checked and the required coolant and air flows have been demonstrated, the
alternator may be tested at speed according to the procedures outlined below.

This series of tests will determine the no load voltage versus speed
characteristics of the alternator and the stator cooling capabilities with
iron losses only.

The losses under no load and rated load were predicted by mathematical
model Bigmag to be as follows:

WATTS x 1000 at 18,000 rpm

Loss lyp No-Load Rated Load

Iron 58.6 41.0

Copper 0 136.0

Stray 0 45.3

Windage 12.0 12.0

Pole Head 0.5 1.0

Rotor Damper 0 7.7

Total Losses 71.1 243.0

4-25
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A considerable amount of power (71.Okw) must be dissipated by the stator
cooling system during no-load operation even though no output power is being
used.

The test is begun by running the alternator at 1000 rpm and then increasing
the speed to 18,OCO rpm in 1000 rpm Increments. Discrepencies in any of the
test variables must be resolved before moving to the next higher speed. The
test variables that must be recorded are shown in the sample lab data sheets in
Figures 4-1 and 4-2. The actual gathering of data will be done with a data
logger such as the Kaye Digistrip I1 or III. The acceptable range of the
variables during the testing is shown in Table 4.1. The data logger will be
programmed to register an alarm if any of the minimum or maximum values are
sensed. Input power is a variable that is calculated according to the following
equation.

Input Power(kw) Shaft Torque (lb.-ft.) x 2 xir x rpm x 0.7456 kw
33,000 hp

This calculation can be performed internally by the data logger and printed
out along with the other variables.

42
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TABLE 4-1

OUTPUT VARIABLE RANGES

Range
Variable

Min Max Units.

Speed 0 18,000 rpm

Volts, line to neutral 0 588 volts

Coolant inlet pressure 5 20 psi

Coolant flow .1 .2 gpm

Coolant inlet temperature 75 250 OF

Coolant outlet temperature 75 400 OF

Bearing temperature 75 300 OF

Bearing lube system 10 20 OF
pressure

Stator back iron 75 400 OF
temperature

Roto. inlet air pressure 20 30 psi

Shaft torque 0 30 ft.-lbs.

Input power 0 71 kw

/
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5. SYSTEM SAFETY/HAZARD ANALYSIS

A preliminary hazard analysis has been completed for the aovanced high-
power generator test. All hazards found appeared to be adequately controlled
except that of dropping the generator during installation. Extreme care should
be exercised in lifting the generator since no dedicated attachment points have
been provided. This document supplements AiResearch Report 80-17402.

5.1 ANALYSIS

The preliminary hazard analysis for the advanced high-power generator test
is contained in Table 5-1. Column 1 of the table lists the hazardous condi-
tions that are or may be present during testing or installation of the genera-
tor. The possible causes of these conditions are listed in Column 2. The
third column lists the possible effects of the hazardous condition. Hazard
levels were assigned to the hazardous condition effects per MIL-STD-882A cate-
gorized as follows:

Hazard Category
Classification Description

I May cause death of personnel or loss of generator or test
(Catastrophic) facility (unrepairable).

II May cause severe injury to personnel or major damage to
(Critical) generator or to test facility (repairable).

III May cause minor injury to personnel or minor generator or
(Marginal) test facility damage.

IV Will not result In injury to persoanel or damage to the
(Negligible) generator or to tha test facility.

These hazard levels are applied in thelfourth column of Table 5-1. The
last column lists recommended corrective action and describes the protective
features of the generator and test facility.\

5.2 CONCLUSIONS AND RECOMMENDATIONS

There are four Category II hazards, four Category III hazards, and one
Category IV hazard associated with the instal ation and testing of the advanced
high-power generator. Adequate protection ha been provided against all hazards
except those associated with lifting the generator. Special care must be taken
to prevent damage to the generator or Injury to personnel when the unit Is
moved.
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5. LOt, TEST PLAN

The test plan for the 5 MW generator (AiResearch Report 81-17964) is

presented as Exhibit 5A. This report was approved in a previous submittal.
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EXHIBIT 5A

AIRESEARCH REPORT 81-17964
TEST PLAN
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FOREWORD

This test plan describes the procedure for testing a 5-Mw permanent magnet
generator currently being built under the Advanced High Power Generator program,
Contract F33615-76-C-2168, sponsored by the Power Systems Branch, Aerospace Power
Division, of the Aeropropulsion Laboratory at Wright-Patterson Air Force Base.

At Wright-Patterson, the program is under the technical direction of
Paul R. Bertheaud. At AiResearch, Fred B. McCarty is principal investigator,
Frank E. Echolds is project engineer, and Andrew R. Druzsba Is program manager.
Special acknowledgement is given to Paul Gassen, AiResearch test engineer.
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1. INTROOUCTION

1.1 SCOPE

Full-load testing of the 5-41w permanent magnet generator as described in
this report will be the fina: step In the development of an advanced nonsuper-
conducting synchronous generator for airborne applications. The rotor and
stator/housing are presently being developed under two separate contracts
with tho Air Force Aeronautical Systems DivIsion, Wright Patterson AFB, Ohio,
for delivery in late 1981 and mid-1983, respectively.

This test plan is being prepared well in advance of hardware availability
In order to effective:y schedule the fabrication of special test equipment and
to ensure ready utilization of the test facility.

A cutaway drawing of the generator to be tested is shown In Figure 1-1.

1.2 TEST FACILITY

The generator will be delivered to the Compressor Research Facility (CRF),
Wright Patterson AFB, for testing after a no-load checkoit at AiResearch.
Generator test support requirements have already been coordinated with CRF
personnel. After setup, approximately three weeks of testing will be required
to perform the tests outlined in this plan.
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2. GENERAL REQUIREMENTS

2.1 TEST SETUP

The overall test setup schematic Is shown in AiResearch Dwg. 94-3B-0401.

Major design parameters for the generator are listed in Table 2-1.

TABLE 2-1

=-MW GENERATOR DESIGN PARAMETERS

Parameter Value

Rating into 3-phase, full- 1,046 vdc, 4,780 adc @ 18,000 rpm
wave bridge

648.3 v/phase (air gap), 3638 amp/phase

Current density, amp/in. 2  36,270

Stator temperature, OF 450

Rotor temperature, OF 200

Cverall length, in. 43

Overall diameter, in. 16.25

Total weight, lb 500

5-11/5-12
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2.2 COOLING REQUIREMENTS

2.2.1 Rotor

The permanent magnet rotor will be cooled by forced air generated by a
test chamber centrifical blower and measured with an orifice or venturi sec-
tion. Cooling air will be discharged into the test chamber (see Figure 2-1).

Operating parameters are the following:

Parameter Requirement

Airflow 100 to 300 cfm

Air pressure

Inlet Ambient plus 0.5 psig

Outlet Ambient

Air temperature

Inlet Ambient

Outlet To 210*F

2.2.1.1 Blower Power Requirements

Power requirements for the blower are 230-460 vac, 3-phase, 60 Hz, 2 hp.

2.2.1.2 Instrumentation

Instrumentation requirements are as follows:

Parameter Requirement

Flow Measuring section inlet static pressure
transducer (1) and delta pressure
transducer (1)

Pressure Unit Inlet pressure transducer (1)

Temperature

Inlet Thermocouples (2)

Outlet Thermocouples (2)

5-14
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Figure 2-1. Rotor Cooling System

2.2.1.3 Alarms

Alarm requirements are the following:

Parameter Requirement

High discharge temperature

Low airflow

2.2.2 Stator

Stator conductors will be cooled by oil pumped through passages around the
conductors. The cooling system (see Figure 2-2) will utilize a two-pump
approach because of the requirement for a subatmospheric discharge pressure
(7 psia) and a vented sump.

Operating parameters are shown in Table 2-2.
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Figure 2-2. Stator Cooling System

2.2.2.1 Pump Power Requirements:

Power requirements for the pumps are as follows:

Parameter Requirement

Supply 230 to 460 vac, 3-phase, 60 Hz, I hp

Scavenge 230 to 460 vac, 3-phase, 60 Hz, 3 hp
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TABLE 2-2

STATOR OPERAT ING PARAMETERS

Parameter Requirement

Oil Dow Corning 200

Oil Flow

Inlet No. 1, gpm 6.25

Inlet No. 3, gpm 12.5

Inlet No. 5, gpm 6.25

Total, gpm 25.0

Outlet No. 2, ypm 12.5

Outlet No. 4, gpm 12.5

Pressure

Inlet, psia 19

Outlet, psia7

Temperature

Inlet, *F 120

Outlet, *F To 250

Fl ltration,ij 25

Sump capacity, gal 50

Ultimate heat sink CRF cooling tower water

at 160 6tu/hr rate
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2.2.2.2 Accessories

One level sight gage and five mechanical pressure gages are required.

2.2.2.3 Instrumentation

Instrumentation Is required as follows:

Parameter Requirement

Flow Inlet transducers
O to 6.25 gpm (2)

o to 12.5 gpm (1)

Pressure Inlet transducers
(psia) (3)

Outlet transducers
(psia) (2)

Temperature Inlet thermocouple (1)

Outlet thermocouples (2)

2.2.2.4 Alarms

Alarm requirements are the following:

Parameter Requirement

High outlet temperature 2

Low oil flow 3

2.2.3 Bearings

The rotor bear ings will be cooled and lubricated by a system providing
air-oil mist under pressure (see Figure 2-3).

Operating parameters are shown In Table 2-3.

2.2.3.1 Instrumentation

Instrumentation requirements are the following:

Parameter Requirement

Pressure Inlet transducer (psia) (1)

Temperature Inlet thermocouple (1)

Outlet thermocouples (2)

5-18



5-MW
ADVANCED HIGH-POWER

GENERATOR.

....... . ... M IST

"'=-- -- OUTLET COLSCER

THERMOCOUPLE S
COALESCER

PRESSURE
TRANSDUCER

X• OIL

REGULATORJ 0-PIG

THERJIOCOUPLE-ý
BEARING LUBRICATION SYSTEM1 A-10

Figure 2-3. Bearing Cooling and Lubrication System

2.2.3.2 Alarms

Alarm requirements are the following:

Parameter Requirement

High outlet temperature . 2

2.2.4 Rectifier

The 3-phase bridge rectifier will be convection cooled by the CRF test
article cooling system that circulates air Inside the test chamber at 15,700
scfm and 100*F maximum temperature.

2.2.5 Water-Cooled Load

The load bank will consist of a submerged conductor tapped resistor array.
Cooling wiJI utilize the latent heat of vaporization of water primarily, plus
convection.

1!i
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TABLE 2-3

BEARING OPERATING PARAMETERS

Parameter' Requirement

Oil Mobile Jet II
(MI L-L-23699)

F low

Air, lb/min 0.045

Oil TBD

Pressure

Inlet, psla 15.3

Outlet Ambient

Temperature

In let Ambient

Outlet TB1

,Fi Itrationpu 10

Sump capacity, oz 10

2.3 MECHANICAL DRIVE SYSTEM REQUIREMENTS

The 5-Mw advanced high-power generator and support/shield will be installed
in the test chamber with attach points at the bulkhead and the front mount plate
(see Figure 2-4).

The generator will be driven by the high- or low-speed motor in combination
with high-speed gearbox 3 (refer to Figure 2-5). This drive system will provide
the necessary power over a speed range from 2,000 to 18,000 rpm (Figure 2-6).
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Figure 2-4. Generator Mounting

2.3.1 Power Requirements

Horsepower and torque requirements are estimated below.

Generator input hp

6

746 w/hp x 0.96 eff =6982 hp

Generator input torque

6982 hp * 33,000 Ib-ft/mln./hp
21r 18,000 rpm 2037 lb-ft
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I4IGH-SPEEI) GEARBOX 3

30 -30

~%20 -18,535 RPM 20

10a 10-

6 12 18 214 30, 6 12 Is 24 30

RPM A-ISMC

a. LOW-SPEED MOTOR b. HIGH-SPEED MOTOR

Figure 2-6. CRF Power/Speed Range

2.3.2 Special Drive System Components Required for Testing

Special drive system components required f or testing are:

itrn No. From
Figure 2-5 Requirement

13 a. Adaptor, generator to flexible diaphragm coupling

b. Double flexible diaphragm coupling

2 a. Torque sensor, range to provide usable sensitivity
at 2037 lb-ft

b. Shear section, to provide protection for torque
sensor and generator, not to exceed 2240 lb-ft

2.3.4 Existing Drive System Components Required for Testing

Existing drive system components required for testing are listed in
Table 2-4. Component numbering corresponds to the numbering in Figure 2-5.

A drive system analysis will be required to examine thoroughly the compat-
ibility between the generator and CRF drive with respect to axial, radiai, and
torsional excitation frequencies.

2.4 INSTRI*4ENTATION RE,,UIREMENTS

Table 2-5 provides a preliminary list of the instrumentation needed for
generatcr testing.
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TABLF 2-4

EXISTING DRIVE SYSTEM COMPONENTS
REQUIRED FOR TESTING

Item No. From
Figure 2-5
(1%omponent) Requirement

1 (Jack shaft pedestal Standard Installation
housing)

3 (Jack shafts) High speed
Per CRF Owg. 78-M10-0053
Speed range, 16,000 to 30,000 rpm

4 (Flexible diaphragm Condition 3
coupling) Per CRF Dwg. EDS-76-MIO-0006

Speed range 16,242 to 17,820 rpm
Torque max. 58,205 lb-in.

5 (High-speed gearbox Speed range to 30,000 rpm
No. 3) Ratio, 7.8125 to 1

6 (Quill shafts) Standard installation

7 (S!ip ring assembly) For transmission of up to ten two-wire
thermocouple channels at 18,000 rpm.

8 (Low-speed gearbox) Standard installation
Ratio 3.489& to I

9 (High-speed motor) Standard installation
30,000 hp

10 (Low-speed motor) Standard installation
30,000 hl

11 (Shift coupling) Standard installation

12 (Turning and starting Standard installation
units)

2.5 ELECTRICAL CONNECTION AND LOAD REQUIREMENTS

The electrical system diagram, Figure 2-7, provides a schemailc of tie
generator connection and a component layout corresponding to the items listed
in Table 2-6.
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TABLE 2-5

INSTRUMENTATION REQUIRED FOR GENERATOR TESTING

CamponentAutomat ic
or System Measurement Sensor T-p. r~uantity Alarm Shutdown

Rotor Temperature to H0igh t~ea ature (5) No
rotating, *F

Stator Terlmature T 12 High temperature (6) No

"In conductor a
and housing, *F

Vibration In TG2 Nigh vibration (2) Excessive
drive an vibration (2)

Vibration In Too 2 High vibration (2), Excessive
non-drivo end vibration (2)

Rotor Air Inlet T 2 NO NO
conling toomper ature, *F

Air outlet T 2 High temperature (2) No
temperature, *F

Air inlet 7W I No No
static pressure.

Static end delta TG2 Low flow No
pressure In airflow
measuring saction

Stator Oil1 Inlet temper- T I NO No
cooling eture, *F

CIoutiet tam- T 2 Nigh temperature (2) *NO
parature, *F

Oil Iniet pressure, Strain gage 3 No NO
:0 to 25 psi&

.0il outlet pressure. Strain gage 2 No No
0O to 25 psia

'Oil flow, Turbine 3 Low flow (3) No
0o to 15 gpm _________

Bearings 'MIt Inlet
temperature, *P T I No No

'Mist outlet T 2 Nigh temperature (2) No
temperature, *F

Mist Inlet Strain gage I Low pressure (1) No
pressure, psigI

Drive Speed, rpm monopole I No Excessive rpm
above set point

Torque TBD I No Excessive
___________ _________________ __________torque

Electrical Phase balance AiResearch I Phase Imbalance Phase Imbalance
special test
equ Ipment

Dc voltage TUG I No No

Dc current Millivolt I No No
shunt

Do: breaker Auxiliary 1 No No
position contacts

Load control
contector position AMxIliary a NO No

tcontacts -
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TABLE 2-6

ELECTRICAL CONNECTION AND LOAD REQUIREMENTS

Item No. From
Figure 2-7
(Component) Requirement

(Fuzes) Manufacturer, J. Shanut
Rated voltage, 2000
Rated amperage, 5000
Quantity, 3; 1 per phase

2 (Oscilloscope, three Allows real-time viewing of 3-phase voltage
beam, and closed-circuit without the capacitance effects of a 500-ft
television camera) cable run to control room.

3 (Phase imbalance This device will provide a signal for dc breaker
detector) opening and rotation shutdown in the event of an
(AiResearch special unbalanced generator load. This condition might
test equipment) result from a single phase short or open cir-

cuit, internal or external to the generator.

4 (Rectifier, 3-phase Manufacturer, PSI Inc., PN JD2300-40
delta-connected) Rating, 1500 vac, 2500 Hz, 5000 amp

Cooling, convection air cooled

5 (High-voltage isolation) Provides voltage scaling and isolation for the
data acquisition system.

6 (Dc breaker) Provides primary control of generator load
Manufacturer, Siemens
Rating, 1500 vdc

5000 amp
Includes overcurrent trip
Power required, 28 vdc at 5 amp

7 (Current shunt) Manufacturer, Empro, Inc.
P. 0. Box 26064
Indianapolis, IN 46226
Model, WT-5000-50
Rating, 5000 amp at 50 mv output to data system

8 (Load bank) The load will consist of an array of eight equal
resistors each composed of nicrome ribbon of
high surface-to-cross-section area. The resist-
ors will be in turn connected across the output
of the rectifier in parallel by dc contactors.
This will provide an eight-step generator load
zero to 5 Mw at full rotational speed of 18,000
rpm.
The total resistor assembly will be submerged
under water In a tank made of nonconducting
material. The tank may require a water makeup
system if high-load testing is conducted 'for
extended periods.
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TABLE 2-6 (Continued)

I tem No. From
Figure 2-7
(Component) Requirement

9 (Contactor and breaker Provides power amplification from control system
amplifier) to dc breaker and eight load-control contactors.

Input, low-level signal from control system
Input power, as required
Output, 28 vdc at up to 15 amp

10 (Load control Manufacturer, Cutler Hammer
contactors) Rating, 1000 amp, 1000 vdc

Power required, 28 vdc at 1.2 amp

I5
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3. TEST DATA ACQUISITION

Exhibit 3A contAins a description of the high-speed data acquisition sys-
tem that will be utilized for all generator testing.

The selection of interface equipment, cabling, signal conditioning, and
programmuing necessary for data system use will be the responsibility of CRF
personnel. The thermocouples installed In the rotor and stator will be the
only Instrumentation provided with the generator at the time of shipment to
the CRF.
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EXHIBIT 3A

HIGH-SPEED DATA ACQUISITION SYSTEM
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ZI!SPEM DATA ACQUISrrION SYSTEI

(UPDAS)

1. dhis multi-channel, high performance data acquisition

system consists of the following:

- 475 channels of digital data

- 48 channels of recorded analog data

- 12 channels for use by other systems

- 5 frequency-to-voltage converters

2. Component Breakdown:

- 391 Preston Scientific Model o8800 Universal Signal

nmditioners; supplin excitaltion: voltage, bridge balance, cali-

bration, and signal return circuitry for various types of pressure

and. position transducers.

- 144 Preston Scientific Model #8800 Thermcouple Signal

Conditioners; provides calibration and signal return circuitry for

thermcouple and EMF signals.

- 5 VIDAR Mbdel #323 frequqncy-to-voltage converters.

- 535 Preston Scientific Model #8300-XWBRC Amplifiers; each

with computer controllable gain and filter selection; the filters

are low pass, 3 pole filters and have the following cutoff frequen-

ciess 10 Hc, 40 az, 120 Pz, 400 Hz, 1200 Hz and 4 wide band 100 XHz.

the gains result in full scales of ±5, ±10, ±20, 40, ±160, ±1250 and

±5120 aillivolts.

A. 321 high performance amplifiersi no special optionn.

B. 104 high performance amplifiers; with a dual output

capabtlity.

C. 50 high performance amplifiers; with a linear over-

load capability to linearly handle an analog voltage up to five (5)

times the maximum rated input.

D. 48 AC/DC amplifiersl converts AC signals from strain

gages or other dynamic sensors into a DC analog voltage.

3. 12 moderate performance amplifiers; with no special

options has a narrower bandwidth than the high performance.
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- One 512 channel differential multiplexer

- One analog-to-digital converter with a conversin cafte

of 100 -mi

- 100 sample-and-hold circutsm for pracise time corrtla-

tion of data; SQH acquires data for the first 100 channels simul-

taneoumly and has a timi displacement of 100 nnon-second. between

any two channels.

3. Data System Performance:

- Overall system accuracy of 0.1t FS output.

- Throughput rate of 100,000 samples/second.

- A channel chcdk subsystem is provided for on.-line cali-

brations of the amplifiers to maintain the accuracy of this data

system.

4. PH Playback System

- This system is also part of the HPDAS and consistes of

48 channels of test article data monitored by small oscilloscopes.

2he main function of this system is to record, vias four analog tape

drives, high sp:ed transient signals which can then be played back

at slower speeds, amplified, multiplexed, and digitized. Thi. Lnfor-

mation -is then passed on to the main computer for data reduction

'via the DAC and the AnX oumpters.
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cmNPUTE (5) main rPNCTION (a) m¶'uS

Test Article Control - sProvid automatic control - 32K of Private

(TAC I and TAC 2) of the CR? inlet val-es, core memory (each)

2 - MO0CNP 11/45 teast article discharge valves
and test rcticle variable - 16K of shared memory
gemetry items such as stator

vanes and stag bleeds. - Adds 880 alphanu-
meric CRT console
device (each)

- 2.6 Jfbyte removable /
cartridge disk drive
(eich)

Facility Control - Acquires Facility Data, drive - 32K of private core

(lcd and FCC2) system data and time data m or (each)

2- YNOcP 11/45
- Controls Drive System opera- - 16K of shared memory

ticn
- Adds 880 alphanu-

- Controls message traffic meric CRT console
between the monitor computer device (each)

and TAC 1, TIC 2, FCC1 And
1C"2 cmuteru- 2.6 M=yte removable

cartridge disk drive(each)

monitor - Operator-Facility Interface - 64K of private core
NOcd v/2s iMmory- Driven R IAMX real time graphic

displays, console svitche" and - 2.6 Jbyte removable
lights . cartridge disk drive -- .......

- Accepts and executes test seg- - Adds 880 .alphanu-
Ment displays seric CRF console

device
- Central ccmunications couter

- Two 4411 Card Readers

- 2hree 9 TRK Tape
Drives

- One 183 Disk Drive

- One Tektronix 4010-1
CR Console Device
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C~m O'•Pown Csta

CO)VUTR -(() Ur CTIo I mT S

Auwdliazy (J•U) - ,~ransfers data frM the DAC - 32K meMOr

Auxiliay1/45 (Xputer to the main computer

for data "eduction

Data Acquisition - i mquirs test article data -64K of private coreD a a-qu a t o am em o ry
(DAC) 

26Hyer~oal

DMOOCOMP 1145 - Z=eCutres trarasducer calibra- -:6 Kbyta rmablO

bMDti1/ caartridge disk drive

4214 line printer

d d. 880 alphanu-
mario CRT Console
device

- one 9 TMK tape drive

i - Data M~ducticnon-line and - On* 1403 line printet

IM 370/155 and poet processing - 4H byte of private

- Drives 2250 real time graphic core memory

displays 
- 4 xntel 3330 disk

drives

- 3 m'C 9 T2 16 0 0 /
6.250 tape drives

- I STC 9 !PX 800/
1600 tape drive

- Ten 3277 alphanu-
aerie CRT console
devices

- Tve 2250 XW graphia

- aie electrostatic
Gould plotter
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CM-LIKE DATA REDOCTION

Two independently operated 13M 2250 Vecto,*-Graphic Cs allo engi-

neers to organize and graphically present either real-time or post

processed test data. 7here are three Aoes of operation. i.e., static,

transient and monitor. Data taken in the static mode is xujd to gen-

erate map, profile and X vs Y type displays. Data taken in the transient

and monitor mode is used to generate transient type displays.

Four types of engineering displays are availablea

1) Compressor Rigs

2) Profiles

3) X versus Yl, Y2, Y3, 74

4) Transient Displays

Typical Displays ale:

1) Pressure ratio vs % corrected flow (Map)
2) Compressor efficiency vs % corrected speed (X vs Y)

3) Wall static pressure vs axial location (Profile)
4) Stage pressure ratio vs % corr flow (Z vs Y)

5) Stage efficiency vs % corr flow CX vs Y)

A light pen is used on the 2250 graphics for quick selection of mode

Ad definition of displays.

f-Line Data aeduction

Consists of various printouts and graphics from the IM4 370/155

and playback from the PH analog recording system.
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4. TEST CONDUCT

The various tests outlined in the procedures that follow will be used to
determine the actual operating characteristics of the 5.-Mw generator.

The operating characteristics of the advanced high-power generator as
specified in the Air Force statement of work (Section F, para. 4.6.1, F33615-
76-C-2168) include the following important requirements:

Parameter Specification

Output power 5 Mw

Specific weight 0.1 lb/kw

Efficiency 95 percent or greater

4.1 NO-LOAD TEST.

4.1.1 Scope

The no-load test entails measuring no-load phase voltages at 2,000, 4,000,
6,000, 8,000, 10,000, 12,000 14,000, 16,000 and 18,000 rpm and the input torque
at these points.

4.1.2 Objective

The objective of the no-Icad test Is to determine the no-load losses from
the input torque measurement and the no-load operating point between 2,000 and
18,000 rpm.

4.1.3 Procedure

Settings Procedure

1. Rotor, stator, 3. Drive generator at 2000 rpm
and bearing
cooling systems, 4. Measure phase A, B, and C peak-to-peak voltages on
ON oscilloscope; measure rpm and drive torque.

2. Dc breaker, OPEN 5. Increase speed by 2000 rpm and take measurements of
step 4.

6. Repeat steps 4 and 5 until 18,000-rpm point Is
reached.

7. Calculate the maximum difference between phase peak-
to-peak voltages.
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The input torque will be proportional to the generator's no-load losses.

4.2 LOAD TEST

4.2.1 Scope

The load test entails measuring a set of output voltages and currents at
18,0O0 and 9,000 rpm.

4.2.2 Objective

The objcctivp of the load test is to develop in graph form tte voltage-
versus-current characteristics of the 5-Mw generator and determine its oper-
ating efficiency.

4.2.3 Procedure

The load test is conducted as described below.

Settings Procedure

1. Rotor, stator, 3. Drive generator according to test 1 of Table 4-1.
and bearing
cooling systems, 4. Measure dc voltage and current, rpm, and ;nput torque.
ON

5. Repeat s+eps 3 and 4 until all the tests listed in

2. Dc breaker, Table 4-1 have been run. I
CLOSED 6. Calculate the efficiency from input torque and outpur

power measurements

7. Plot dc voltage versus dc current at 18,000 and
9,000 rpm.

4.3 COI*UTATING REACTAtNE TEST

4.3.1 Scope

The commutating reactance test entails measuring rpm and dc voltage and
current and obtaining an oscillograph of the line-to-neutral voltage at the
5-Mw, 18,000-rpm point.

4.3.2 Objective

The objective of the commutating reactance test is to determine the com-
mutating reactance of the generator and the time reouired to complete commuta-
tion.

I
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TABLE 4-1

SEQUENCE OF LOAD TESTS

, hevolutions Load-Bank ResistancP, Dissipatvie

per Minute Sections S1 Power, kw

9,000 1 1.751 156.2

9,000 2 0.876 312.4

5 9,000 3 0.584 468.4

4 9,000 4 0.438 624.8

59,000 5 0.350 781.0

6 9,000 6 0.292 937.2

7 9,000 7 0.250 1,093.5

8 9,000 8 0.219 1,249.7

9 18,000 1 1.751 624.8

10 18,000 2 0.876 1,249.0

11 18,000 3 0.584 1,873.4

12 18,000 4 0.438 2,498.0

13 18,000 5 0.350 3,126.0

14 18,000 6 0.292 3,746.9

15 18,000 7 0.250 4,374.0

16 18,000 8 0.219 5,000.0

4.3.3 Procedure

The test is conducted as described below.

Settings Procedure

1. Rotor, stator and bearing 4. Adjust the oscilloscope to display one
cooling systems, ON cycle of line-to-line voltage.

2. Dc breaker, CLOSED 5. Drive the generator to 18,000 rpm, 5 Mw.

3. All eight load switches, 6. Record dc voltage and current and rpm.
CLOSED

7. Photograph oscilloscope waveform.
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The commutation -ngle (u) Is calculated by measurli•g the duration of the
line-to-life zero voltage and comparing It to the overall duration. The cor-

mutating reactance is calculaled using the following equation:

ý_- * VLN0 (rms)

Xcom (•1) (Cos 0 - 1) IDC

where

VLNO Is the line-to-neutral rms open-circuit voltage, which Is cal-
culated from the oscilloscope picture of the rectified line-
to-line voltage

and

tLLO (peak)

VLN0 (rms) - -

VLLO (peak) w (V(60 deg) + lo*C 2 • Ro)/sin 60 deg

where

V(60 deg) Is the Instantaneous voltage, line-to-line, at 60 deg on the
oscilloscope picture

I
IDc Is the measured dc current

Ro is the phase resistance of the generator

_ _ 5-42
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5. SYSTEM SAFETY/HAZARD ANALYSIS

A preliminary hazard analysis has been completed for the advanced high-
power generator test. All hazards found appeared to be adequately controlled
except that of dropping the generator during Installation. Extreme care should
be exercised in lifting the generator since no dedicated attachment points have
been provided. This document supplements AiResearch Report 80-17402.

5.1 ANALYSIS

The preliminary hazard analysis for the advanced high-power generator test
is contained In Table 5-1. Column I of the table lists the hazardous condi-
tions that are or may be present during testing or installation of the genera-
tor. The possible causes of these conditions are listed in Column 2. The
third column lists the possible effects of the hazardous condition. Hazard
levels were assigned to the hazardous condition effects per MIL-STD-882A cate-
gorized as follows:

Hazard Category
Classification Description

May cause death of personnel or loss of generator or test
(Catastrophic) facility (unrepairable).

II May cause severe Injury to personnel or major damage to

(Critical) generator or to tobt facility (repairable).

III May cause minor Injury to personnel or minor generator or
(Marginal) test facility damage.

IV Will not result in Injury to personnel or damage to the
(Negligible) generator or to the test facility.

These hazard levels are applied in the fourth column of Table 5-1. The
last column lists recommended corrective action and describes the protective
features of the generator and test facility.

5.2 CONCLUSIONS AND RECOMMENDATIONS

There are four Category II hazards, four Category III hazards, and one
Category IV hazard associated with the installation and testing of the advanced
high-power generator. Adequate protecTion has besn provided against all hazards
except those associated with lifting the generator. Special care must be taken
to prevent damage to the generator or Injury to personnel when the unit is
moved.

5
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